
SECURITY  CLASSIFICATION  OF  THIS PAGE (When Data Entarad) 

REPORT DOCUMENTATION PAGE 
1.    REPORT NUMBER 

CRC 381 
2. GOVT ACCESSION NO 

4.    TITLE (and Subtitle) 

The Expanded Sea/Shore Rotation Model 

7.    AUTHORfs; 

Donald Maurer 

9.    PERFORMING ORGANIZATION  NAME  AND  ADDRESS 

Center for Naval Analyses 
2000 N. Beauregard Street 
Alexandria, Virginia  22311  

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

3. RECIPIENT'S CATALOG NUMBER 

5. TYPE OF REPORT 4 PERIOD COVERED 

6. PERFORMING ORG. REPORT NUMBER 

B. CONTRACT OR GRANT NUMBERfa; 

NOOO14-76-C-0001 

10. PROGRAM ELEMENT, PROJECT, TASK 
AREA « WORK UNIT NUMBERS 

11. CONTROLLING OFFICE NAME AND ADDRESS 

Office of Naval Research 
Department of the Navy 
Arlington. Virginia  22217 

12.    REPORT  DATE 

May 1979 
13.    NUMBER OF PAGES 

135 
U     MONITORING  AGENCY  NAME  &   ADDRESSf/* dilletant from Conlrolllnt Oltlca) 

Office of the Chief of Naval Operations (Op96) 
Department of the Navy 
Washington, D.C.   20350 

15.    SECURITY CLASS,  (ol thia raporl) 

Unclassified 
1S«.    DECLASSiFI CATION/DOWN GRADING 

SCHEDULE 

16.    DISTRIBUTION  ST ATEMEN T fo/I/ifs ReporlJ 

Approved for piablic release; distribution unlimited. 

17.    DISTRIBUTION  STATEMENT (ol tha abstract aniarad In Block 30,  II ditlarant Irom Report) 

IB.    SUPPLEMENTARY NOTES 

This Research Contribution does not necessarily represent the opinion of the 
Department of the Navy.   , 

19.    KEY WORDS (Continue on reverse elde If neceasmry and Identity by block number; 

computer programs, computerized simulation, inventory. Naval personnel, oceans, 
personnel, rotation, shores 

20.    ABSTRACT (Continue on revarae aide If neceaaary and Identify by block number) 
This guide describes a dynamic model which simulates personnel flows in a Navy 

detailing community.   Using historical accessions, continuation rates and promotion 
probabilities, the model projects an initial inventory to future periods.   In each 
projection period the historical data can be updated to reflect possible changes.   Sea/ 
shore rotation patterns can be altered to produce a desired personnel distribution 
between sea, shore and neutral duty.   All computer programs are listed, and some 
flow charts are provided. 

DD    1  JAN*73   1473 EDITION OF   1 NOV «S IS OBSOLETE 

5/N 0102- LF-014-6601 SECURITY CLASSIFICATION OF THIS PAOB (Whan Dmia Entered) 



SECURITY CLASSIFICATION OF THIS PAGE ftlTien Data Bnffd) 

S/N 0102- LF.014-6601 

SECURITY CLASSIFICATION OF THIS PACEfHTian Dara Bnfrmd) 



LIBRARY 

RESEARCH REPORTS DIVISfON 
NAVAl. POSTGRADUATE SCHOOL 
MOr^lTiRP/. CALIFORNIA 93940' 

CRC 381 / May 1979 

THE EXPANDED SEA/SHORE 
ROTATION MODEL 

Donald Maurer 

// 
CENTER FOR NAVAL ANALYSES 
2000 North Beauregard Street, Alexandria, Virginia 22311 



Approved for public release; 
distribution unlimited. 

Work conducted under contract N00014-76-C-0001 

This Research Contribution does not necessarily represent 
the opinion of the Department of the Navy 



LU 

U 

o 
o 
n 
00 

Z   s 
< 

<c ^ 
CM 

3 
CO 

m 

t: o 

10  September  1979 

c       ■    .     »■■ 

°        MEMORANDUM FOR DISTRIBUTION 
Q. 

0) Subj:  Center for Naval Analyses Research 
Contribution 381 

^  '^ End:  (1)  CRC 381, "The Expanded Sea/Shore 
^     £ Rotation Model," by Donald Maurer, 
'*^  I' May 19 79 

^—     .s 1. Enclosure (1) is forwarded as a matter of possible 
■g interest. 

rv    5 
^~     ^ 2.     This Research Contribution describes a computer 
(^  ^' model that interrelates sea/shore rotation, continuation, 
^"^  $ billet structure, and the enlisted personnel inventory. 

00 The model dynamically simulates personnel flows, and is 
■D being used by Navy personnel planners in managing specific 
§) rating and detailing communities.  This work is intended 

Q^ § for computer programmers charged with the installation and 
operations of the model, as well as manpower and personnel 
managers. 

3.     Research Contributions are distributed for their 
o       potential value in other studies and analyses.  They do not 
o       necessarily represent the opinion of the Department of the 

Navy. 

■U^  

CHRISTOPHER JEHN/ 
Director 
Institute of Naval Studies 

Distribution List 
Reverse Page 

an affiliate of tfie University of Rochester 



Subj:  Center for Naval Analyses Research Contribution 381 

DISTRIBUTION LIST 

Department of the Navy 
SNDL Part I: 
21A1 CINCLANTFLT 
21A2 CINCPACFLT 
21A3 CINCUSNAVEUR 
2 2A1 COMSECONDFLT 
22A2 COMTHIRDFLT 
22A2 COMSEVENTHFLT 
22A3 COMSIXTHFLT 
24H1 COMTRALANT 
24H2 COMTRAPAC 
SNDL Part II: 
Al ASST SECNAV(MRA&L) 
A2A OPA 
A2A CNR 
A5 CHNAVPERS 
A6 CMC, DC/S Manpower 
B3 NDU 
B3 AFSC 
B5 COMDT COGARD 

FF30 NAVMiyiACLANT 
FF30 NAVMMACPAC 
FF38 USNA, Nimitz Library 
FF44 NAVWARCOL 
FJ76 COMNAVCRUITCOM 
FKA6A16 NAVPERSRANDCEN 
FL3 DODCI 
FRl CNAVRES 
FTl CNET 
FT5 CNTECHTRA 
FT73 NAVPGSCOL 
FT87 HUMRESMANSCOL 
VI2 CG MCDEC 

NMPC 
NMPC-472C 
NMPC-164 
NMPC-49 

OpNav:  Op-OOK, Op-09BH, Op-09R, Op-090, Op-90, Op-940, Op-96, 
Op-964DR, Op-01, Op-11, Op-110C2, Op-12, Op-122D, Op-13, 
Op-132, Op-135H, Op-135R, Op-16D, Op-29, Op-03, Op-39, 
Op-04, Op-49, Op-05, Op-59 

Other: 
Ass't Secretary of Defense, Program Analysis & Evaluation (2 copies) 
Ass't Secretary of Defense, Manpower, Reserve Affairs & Logistics 
Defense Documentation Center (12 copies) 
The Rand Corporation 
University of Rochester (2 copies) 



CRC 381 / May 1979 

THE EXPANDED SEA/SHORE 
ROTATION MODEL 

Donald Maurer 

Institute of Naval Studies 

CENTER FOR NAVAL ANALYSES 
2000 North Beauregard Street, Alexandria, Virginia 22311 



TABLE OF CONTENTS 

Page 

List of figures «  iii 

Introduction  1 

Chapter I - General system description   4 

Chapter II - File structure  8 

Chapter III - Data types  11 
Billets  11 
Paygrade limits    12 
Promotion, eligible and adjusted probabilities   12 
Continuation   14 
Rotation  14 
Accessions and inventory   18 
Summary  18 

Chapter IV - Workspace parameters    20 

Chapter V - ROTATIONMOD functions    24 
User oriented functions    24 

ADJPROB  24 
CHANGE  25 
COMPTA  25 
COMPTR  26 
FILL  29 
PRINT  29 
PROJECT  39 
STATUS  43 
TRANSFER  43 
READFILE and WRITEFILE   43 
System functions   45 
ALTER  45 
ATTRITION  46 
CHECK  46 
FFF  47 
FILEALT  47 
GROUP  47 
HEADER  48 
PREPINV  49 
PRIN  49 

Chapter VI - Using ROTATIONMOD   50 



TABLE OF CONTENTS (CONT'D) 

References 

Appendix A 
Appendix B 
Appendix C 

Page 

63 

Description of the expanded rotation model  . .A-l-A-11 
Program listing and flow charts B-l-B-55 
Parameters C-l-C-3 

11 



LIST OF FIGURES 

Figure Page 

1 Example of a calling function   6 
2 Billets data unit (BILTS) corresponding to a 

paygrade and time period  11 
3 Promotion probabilities data unit (PROBPROM) 

corresponding to a paygrade  13 
4 Early rotation data unit (EROT) determined by 

paygrade and time period  15 
5 Normal rotation data unit (NROT) determined 

by paygrade and time period  . 16 
6 Late rotation data unit (LROT) determined by 

paygrade and time period  17 
7 A setting of the CHECK vectors  22 
8 Input format for COMPTA   26 

■ 9     Input format for COMPTR  27 
10 Output of COMPTR  28 
11 Example of PRINT syntax  31 
12 Distribution of paygrade by PRD  32 
13 Billet output of PRINT  33 
14 Paygrade limits output of PRINT   34 
15 Continuation output of PRINT    35 
16 Early rotation output of PRINT    36 
17 Normal rotation output of PRINT   37 
18 Late rotation output of PRINT  38 
19 Inventory output of PRINT  40 
20 Summary data  41 
21 Steps in PROJECT  42 
22 STATUS output  44 
23 Determination of CHECK parameters in FILEALT  ... 47 
24 Indices for HEADER '  48 
25 Original SeaBee projections   54 
26 Original SeaBee projections for paygrade 3  .... 55 
27 New paygrade limits for SeaBees  55 
28 Second projection of SeaBee rating using 

original endstrengths and accessions   56 
29 Third projection of SeaBee rating using new 

endstrengths and increased accessions    56 
30 Final SeaBee projection     57 
31 Paygrade 3 projections for SeaBees using 

using original normal rotation pattern   58 
32 Initial sea to shore rotation pattern   59 
33 Output of COMPTR for Tl=0 and T2=2  59 
34 Paygrade 3 projection for SeaBees using new 

rotation pattern in period 0   60 
35 Output of COMPTR with Tl=l, T2=3  60 
36 Altered sea to shore rotation  61 
37 Projection for paygrade 3 of the SeaBees using 

the new normal rotation pattern    61 

A-1    Percent error in one year projections ....... A-9 

ill 



INTRODUCTION 

The expanded rotation model provides a detailed simulation of 
actual personnel movements. It incorporates the following capabil- 
ities: 

• describes a rating community whose inventory is 
variable over time 

• treats each paygrade separately 

• uses continuation rates for each length of service 
category 

• simultaneously considers a different rotation 
pattern for each paygrade 

• computes promotions into each paygrade. 

It is useful for the analysis of questions of concern to enlisted 
rating coordinators (ERG) and detailers.  For example, what effects 
would a change in E-3 rotation have on sea and shore distributions 
of personnel in the higher paygrades?  The effect on rotation, due 
to promotions out of E-3, could be significant.  A second kind of 
question is more general:  what changes in current policies need to 
be made in order to attain a desired inventory size, paygrade 
distribution, and duty type distribution within each paygrade?  To 
illustrate, a projection of the SeaBee community, using current 
continuation rates and accessions, predicts a total loss of 1,134 
personnel within 5 years, and 947 of these will be from sea duty. 
If this were an acceptable reduction in size, but the loss of 
personnel from sea was considered to be too high, the expanded 
model could be used to determine alterations in rotation and acces- 
sions that would help maintain a more stable sea contingent in each 
paygrade.  We shall present a general description of the model 
which will be further expanded and developed in subsequent chap- 
ters.  The reader can also find a more detailed theoretical account 
in appendix A. 

The expanded model can be applied to any detailing community 
in the Navy.  Personnel movements are modeled as a network with 
flows.  Each node, or cell, in the network consists of all individ- 
uals in the same paygrade group, duty type, length of service (LOS) 
category and with the same projected rotation date (PRD) to a new 
duty type.  There are three duty types:  sea, shore, and neutral. 
Paygrade groups are defined by the user.  For example, when defin- 
ing billet requirements it is standard practice to aggregate pay- 
grades E-1, E-2 and E-3 in a single paygrade group; other paygrades 
can be similarly aggregated if desired.  The user also defines the 
LOS categories.  They may represent years in service, or the user 



may wish to define each LOS category as a 4-year period instead. 
In this case, the first LOS category would consist of all first- 
termers, while careerists would fall into higher categories.  The 
time period used to measure LOS is the smallest period over which 
the personnel inventory can be projected.  In the model, tour 
lengths are automatically measured in quarters of this time unit. 

The paths which connect cells are either fixed or variable. 
Fixed paths represent (1) personnel flows, within the same paygrade 
group and duty type, from cells with given LOS and PRD to cells 
corresponding to LOS+1 and PRD-4 (if PRD > 4), and (2) flows into 
the next higher paygrade determined by promotions.  It is assumed 
that an individuals' PRD is not altered by promotion.  The rate of 
flow along each of these fixed paths is determined from historical- 
ly observed attrition and promotion rates for each paygrade group, 
duty type and LOS category; we assume that these attrition and 
promotion rates are applied uniformly to each PRD cell. 

The variable paths are defined by the rotation pattern.  For 
example, rotation from sea to shore is modeled by establishing 
flows from each sea duty cell with PRD = 1 to shore cells in the 
next higher LOS category.  The rates of flow along these paths are 
determined by the percentage of the rotating force at sea who are 
sent to each possible tour length or PRD cell. 

At the start of a time period T the distribution of personnel 
is determined by the number of individuals in each cell.  Once the 
connectivities and flow rates have been established, the PROJECT 
program computes the per-period flows in the network and then adds 
accessions to project the personnel distribution at the beginning 
of the (T+l)-th period. 

Alterations in input data can be made at the beginning of 
each time period.  All historical input data can be obtained from 
the Enlisted Master Record (EMR), and data for future time periods 
can be estimated by altering this historical input to conform to 
anticipated changes. 

Besides the projection program, the user is provided with 
programs to make alterations in stored input data, and system para- 
meters which allow the user to modify normal operations of the 
model.  These features are provided for added flexibility in ana- 
lyzing a projected inventory profile. 

The model is programmed in APL to enhance its potential for 
real-time interactive use at a terminal.  The ideal interaction 
would be a series of iterative steps in which a projection is 
alternated with selective modification of input.  This should 
converge to a sea/shore policy that projects a satisfactory 
inventory. 



The purpose of this manual is to provide a potential user 
with the specific information necessary to operate the ROTATIONMOD 
system.  Although sample applications are discussed in chapter VI, 
they are not intended as a general analysis of the sea/shore rota- 
tion process.  For this the reader may consult reference 1.  The 
individual who is only interested in using the system does not need 
to know very much of the technical information that is presented 
here.  For his purposes he can begin with chapter VI, and refer to 
other chapters and the appendices when necessary.  The remaining 
chapters and the appendices provide information for the programmer 
who wishes to understand the system in sufficient detail to enable 
him to make alterations or develop supporting systems. 

The model described in this paper does not include support 
systems such as programs for loading input data by computer.  It is 
assumed that these have been developed by the user. 



CHAPTER I 

GENERAL SYSTEM DESCRIPTION 

The computerized version of the expanded sea/shore rotation 
model (ROTATIONMOD) is written in APL/700 and is compatible with 
the Burroughs 6700 system.  Once ROTATIONMOD has become opera- 
tional, and desired modifications have been made, the model may be 
converted to FORTRAN.  Because of the large quantities of input/ 
output data involved, and the size of the data arrays which the 
model manipulates, difficulty was encountered in avoiding workspace 
and file space limitations.  Consequently the devices used to over- 
come these limitations may require modification if the model is to 
be used on other APL systems or if it is converted to FORTRAN. 

The advantages of APL are its interactive capability, the 
relative ease with which modifications to the system can be made, 
and the fact that APL is particularly suited to the manipulation of 
data arrays; hence the programs are considerably more simple than 
they would be if written in FORTRAN. 

ROTATIONMOD is intended to be a real-time interactive model 
in which the operator can analyze consequences of decisions con- 
cerning rotation, continuation, promotions, and inventory struc- 
ture.  On the basis of this information, alterations in manpower 
policies can be made and tested until a suitable inventory profile 
is defined - or until it becomes clear that the desired objectives 
are incompatible.  It cannot be rigorously demonstrated 
that this iterative process will always "converge" to an optimal 
solution; however, it is evident that restrictive hypotheses, which 
might guarantee such convergence, would severely limit the applica- 
bility of the model.  As an alternative to such artificial restric- 
tions, we have tried to make ROTATIONMOD as flexible a tool as 
possible. 

Since it is impossible to foresee all potential applications 
of the model, users may find some features inappropriate or 
unnecessary, while other desirable capabilities are lacking.  We 
have tried to make ROTATIONMOD easy to modify.  Functions which 
would most likely be subject to modifications have a modular struc- 
ture so that capabilities can be added or deleted without major 
structural changes in the model itself. 

In the next few paragraphs we shall present an overview of 
the ROTATIONMOD system.  Subsequent chapters will be devoted to 
more detailed descriptions. 

The model may be applied to analyze any detailing community 
within the Navy, such as a rating or aggregate of ratings, which 
has the following structural characteristics: 



• the personnel inventory can be divided into a number 
L of length of service (LOS) categories such that each 
individual in the L-th LOS at time period T will appear 
in the (L+l)-th LOS at period T+1 if he remains in the 
Navy. 

• the personnel inventory can be divided into K pay- 
grade groupings such that an individual in paygrade 
group K (K < K) has a probability of being promoted to 
paygrade group K+1 

• the personnel inventory can be further subdivided 
into three duty types: 

(1) sea 
(2) shore 
(3) neutral 

(the numbers serve to identify duty types in 
ROTATIONMOD functions) 

• at each time period, each individual has a projected 
rotation date (PRD) for rotation to a new duty type. 

Thus each paygrade group inventory can be divided into 
"cells" consisting of all individuals with the same LOS, duty type 
and PRD.  In addition to the parameters L and K, we shall use T to 
denote the maximal number of projection periods, and M to denote 
the largest tour length to which any individual will be assigned. 
The parameters K, L, M, and T are defined by the user, subject to 
realistic limitations.  Generally K = 7 since the paygrades E-1, 2, 
3 are usually aggregated.  The projection periods are usually 
measured in years (because reliable continuation data is available 
for periods of 1 year).  Because of file size limits, T = 5 is 
about as large as T can be.  The LOS categories are 1-year periods 
so that L = 31.  Finally, the PRD, or time remaining in duty type, 
is measured in quarters.  Since it is DoD policy that no one should 
normally be assigned a tour length of more than 5 years, we usually 
take M = 20. 

For a normal rating community, each paygrade inventory can be 
modeled as a 3-dimensional array.  The entry in the (a, b, c)-th 
cell is just the number of individuals in duty type a and LOS 
category b, with a PRD of c quarters. 

The model requires five APL files called MOD, FILEl, FILE2, 
FILE3, and FILE4, and a workspace called ROTATIONMOD.  In the 
Burroughs 6700 system, each file has a 180,000 Byte capacity, and 
the workspace has a 85,000 Byte capacity.  The file MOD is used to 
store most of the functions.  These are brought into the workspace 
by a "calling function" having the general form shown in figure 1. 
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FIG. 1:  EXAMPLE OF A CALLING FUNCTION 

The program FUNCTIONN is stored as a vector in component I of MOD, 
Statement [1] converts the vector representation into an APL 
function, which is executed in statement [2] .  Statement [3] then 
expunges FUNCTIONN from the workspace.  In several cases the 
calling function is indexed, and calls one of several functions 
(each named FUNCTIONN) according to the value of the index.  This 
device is necessary because of limitations on workspace size.  If 
more functions are added to the model, they can also be stored in 
MOD.  Table 1 consists of a list of those functions which are 
currently stored in MOD. 

TABLE 1 

MOD components 

1-6 
7 
8 

9-23 
24 

25-31 
32-35 

36 
37 
38 
39 

40-49 
50 
51 
52 

STRUCTURE OF MOD FILE 

Stored function 

PRINN 
GROUPP 
FILLL 
PRINTT 
ADJPROBB 
HEADERR 
CHECKK 
FILEALTT 
STATUSS 
ALTERR 
PROJECTT 
CHANGEE 
COMPTRR 
COMPTAA 
TRANSFERR 

Calling function 

PRIN 
GROUP 
FILL 
PRINT 
ADJPROB 
HEADER 
CHECK 
FILEALT 
STATUS 
ALTER 
PROJECT 
CHANGE 
COMPTR 
COMPTA 
TRANSFER 

FILEl through FILE4 are data files which contain both input 
and output.  The main functions ADJPROB and PROJECT read their 
output directly into these data files.  The files are then accessed 
by using the PRINT and READFILE functions.  Although we shall 
discuss the structure of these files in more detail in the next 
chapter, one structural aspect is noted here.  Each of the data 



files is divided into two compartments of identical structure. 
Depending on the value of the workspace parameter OPl (OPl = 0 or 
1), functions of ROTATIONMOD access the 0- compartment or the 1- 
compartment.  In this way a copy of the initial input/output data 
can be stored in the 1- compartment, say, while the model is being 
used to modify data in the 0- compartment.  Thus the initial and 
final inventory profiles can be compared. 

The ROTATIONMOD system contains functions for data 
manipulation, and also user-specified parameters, such as OPl, 
which control the operation of these functions. 

In the following detailed description of the model, we will 
elaborate further the outline sketched above. 



CHAPTER II 

FILE STRUCTURE 

The structure of MOD has already been given sufficient atten- 
tion.  In this section we shall consider the data files.  The 
number of components in each of these files is determined by the 
workspace parameters K and T.  The file capacity of 180,000 bytes 
limits T to about 5 or 6 periods.  As we have noted, each data file 
is divided into two compartments of identical structure.  In table 
2 we have indicated the structure of the 0- compartment of each 
data file.  Throughout the discussion, we will emphasize the 0- 
compartment; the 1- compartment comprises the second half of the 
file.  FILEl contains basic input data, which will be described in 
chapter III. 

FILE2 contains accessions to the inventory for each paygrade 
and time period from period 0 to period T-1.  The accession infor- 
mation corresponding to a paygrade and time period is stored in two 
consecutive file components; thus accessions for paygrade group a 
in period b are located in FILE2 components (2a -1) + 2bK  and 
2a + 2bK. 

FILE3 contains adjusted probabilities of promotion, which are 
computed by the function ADJPROB.  These are inputs to PROJECT. 
Adjusted probabilities for each paygrade at period b are stored in 
component b + 1; components 1 through T contain this information. 
Components T + 1 and T + 2 contain, respectively, the current 
values of the "check" parameters COA and COP (these are described 
in chapter IV on workspace parameters).  The 1- compartment of 
FILE2 is identical in structure, consisting of the components T + 3 
through 2T+2 for adjusted probabilities, and 2T+3, 2T+4 for the 
"check" parameters CIA, ClP. 

FILE4 contains two types of input/output data related to 
PROJECT.  In the 0- compartment, the first component contains, for 
each projected paygrade inventory, the following totals: 

• Initial inventory 
• Inventory after attrition 
• Promotions into paygrade 
• Accessions into paygrade 
• Paygrade limits for next period 
• Projected inventory for next period. 

Components 2 through 2K+1 contain the initial inventory. This data 
for paygrade a at time period b is located in components 2a+2bK and 
H-2a+2bK. 
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This completes the description of the file system.  We now 
proceed to describe in detail the data types which have been 
introduced here. 

10 



CHAPTER III 

DATA TYPES 

ROTATIONMOD requires a large data base which is stored in the 
data files as described in the previous chapter.  Each of the 
distinct data types is listed in table 2.  Data types are 
identified by the corresponding number in the READFILE and 
WRITEFILE functions.  Each type is classified by several (or all) 
of the following characteristics: 

• duty type 
• length of service 
• paygrade 
• time period. 

Data of a given type is generally stored in the form of a matrix or 
3-dimensional array.  The smallest unit of each data type that is 
processed by ROTATIONMOD is characterized by paygrade and time 
period.  The structure of these data units, indicated within paren- 
theses in table 2, depend on the data type.  The structure and data 
unit for each data type will now be described.  To be explicit, we 
again consider data stored in the 0-compartment. 

BILLETS 

Billet requirements are determined by the user for each duty 
type, paygrade and time period.  These billets must be manned at a 
certain percentage, e.g., 100 percent sea and 70 percent shore. 
This data is not required for projecting an inventory, but is used 
as a basis for comparing ROTATIONMOD output with desired Navy 
goals.  In the model, BILLETS are stored in the first component of 
FILEl as a K X (T+1) x 3 array.  The (a, b, c)-th entry is the 
billet requirement for duty type c in paygrade a at time period 
b-1.  The unit data-type is called BILTS, and as illustrated in 
figure 2 it is a 3-component vector of billet requirements for sea, 
shore and neutral duty, respectively. 

BTLTS 
2445  645  15 

]    ■     ■-   . .       1   ' -\\ 
FIG. 2:  BILLET DATA UNIT (BILTS) CORRESPONDING TO A 

PAYGRADE AND TIME PERIOD 
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PAYGRADE LIMITS 

The second component of FILEl contains PAYGRADE LIMITS. 
These are the maximum allowed size for each paygrade at each time 
period.  PAYGRADE LIMITS are stored as a (T + 1) x K matrix, in 
which the maximum endstrength for paygrade a at time period b is 
the (b + 1, a)-th entry;  this entry is also the data unit 
PGLIM. 

PROMOTION, ELIGIBLE AND ADJUSTED PROBABILITIES 

The computation of promotions is based on input data stored 
in components 3 and 4 of FILEl.  PROMOTION PROBABILITIES, in 
component 3, represent the historical percentage of personnel who 
have been promoted.  This should be the average of several year's 
data in order to more accurately reflect persistent characteristics 
of promotion behavior (e.g. one expects that for each paygrade 
certain LOS categories would consistently have a greater percentage 
of their personnel promoted than others; that is, the promotion 
probability distribution over LOS categories should reflect charac- 
teristics of the paygrade).  These percentages or "probabilities" 
of promotion are stored in the form of a 3 x L x K array in which 
the (c, b, a)-th entry represents the percent of the personnel in 
paygrade a, at duty-type c, and in LOS b who have historically been 
promoted (or an average of such percentages).  As shown in figure 
3, the data unit PROBPROM is a 3 x L matrix whose (c, b)-th entry 
is the probability of promotion for personnel in LOS b and duty 
type c. 

Promotions are limited to personnel who have satisfied 
eligibility requirements determined by length in service and test 
scores.  In ROTATIONMOD, this is represented by ELIGIBLE PROBABILI- 
TIES, which are stored in component 4, and represent the percentage 
of personnel in a (duty type, LOS, paygrade) cell which have ful- 
filled eligibility requirements.  This data has the same 3 x L x K 
array structure as promotion probabilities.  The data unit ELIG is 
a 3 X L matrix whose interpretation is analogous to PROBPROM. 

In response to variations in endstrength requirements, 
PROJECT computes "adjusted probabilities of promotion" which are 
obtained by scaling the historical probabilities, but are never 
greater than the eligible probabilities.  These ADJUSTED PROBABILI- 
TIES for each time period are stored in components 1 through T of 
FILE3 in the shape of a 3 x L x K array whose interpretation is the 
same as that of promotion and elTgible probabilities.  The data 
unit ADJPROBPROM is also similar to ELIG and PROBPROM. 
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CONTINUATION 

The continuation data for time period T consists of the 
percentage of survivors from period T to period T + 1 for each 
paygrade and each LOS category.  Since nearly all personnel retire 
at the end of 31 years of service, the model is based on the 
assumption that continuation rates for LOS 31 are zero for all 
paygrades and all time periods.  The user must take care when 
loading the data base to insure that this condition is satisfied. 

Generally, continuation rates will be LOS "bag" rates such as 
those obtained by PROPHET (reference 2), or directly from the EMR. 
Provision is made for using different rates for each of the three 
duty types should this information be available.  Continuation data 
for sea, shore and neutral is loaded in FILEl components 5, 6, and 
7 respectively.  Each of these components contains a T x L x K 
array in which the (c, b, a)-th entry is the percent of survivors 
through time period c in LOS b and paygrade a. 

The data unit CONTINUATION corresponding to a paygrade and 
time period is a 3 x L matrix of LOS continuation rates for each 
duty type - again similar to PROBPROM. 

ROTATION 

The input data which specifies a rotation pattern falls into 
three categories:  early rotation, normal rotation and late 
rotation.  Personnel who rotate normally go to a particular duty- 
type for a specified number of quarters - their projected rotation 
date (PRD).  At the end of this time, they rotate to a different 
duty type.  Most individuals should be following this normal 
pattern; however, exceptions occur when tour lengths are extended 
or shortened due to factors such as operational holds, humanitarian 
considerations, leave taken between tours or participation in 
schools.  There are six types of rotation in the normal pattern: 

(1) sea to shore 
(2) sea to neutral 
(3) shore to sea 
(4) shore to neutral 
(5) neutral to sea 
(6) neutral to shore. 

The EARLY ROTATION data is stored in component 8 of FILEl as 
a T X 6 X K array, in which the (c, b, a)-th entry is the percent- 
age of personnel in paygrade a at time period c with rotation type 
b. The data unit EROT for a particular paygrade and time period is 
a 6-component vector whose b-th component is the percent of rotat- 
ing personnel whose rotation type is b. 

14 



M(4^ 

EROT 
25:1.86289:1.  0  0.0737327:1.88?  0.00460829493:1.  0 

FIG. 4:  EARLY ROTATION DATA UNIT (EROT) DETERMINED 
BY PAYGRADE AND TIME PERIOD 

We have assumed that individuals who rotate early will be 
assigned to a normal tour in their new duty type.  Normal 
assignments are determined at each time period by the NORMAL 
ROTATION data, which is in the form of a 6 x M x K array.  The (b, 
c, a)-th entry is the percentage of paygrade a with rotation type b 
who rotate to a tour length c quarters. 

These arrays are large (approximately 14,000 bytes) and if 
loaded directly into file components, would take up excessive 
space.  Therefore it was necessary to separate each array into a 
(0,1)-array R, whose non-zero entries correspond to the non-zero 
entries of the original array, and a vector V whose components are 
the non-zero entries of the array.  In APL this is done by the 
commands 

R-<—0 ^ ARRAY 
V-*-(,R)/, ARRAY. 

Since most entries in a rotation array are zero, this results in a 
substantial reduction in space requirements.  The original array is 
given by the expression 

(3, L, M) 9 (,R)\V. 

The arrays R and V are stored in two consecutive components of 
FILEl (see table 2).  For time period T, R is located in component 
T + 9, and V is stored in component T + 10. 

The data unit NROT is a 6 x M matrix (an example is shown in 
figure 5). The (a, b)-th entry is the percentage of rotation type 
a personnel who are sent to a tour length of b quarters. 

LATE ROTATION data is treated similarly.  For each period it 
is represented as a 3 x M x K array in which the (c, b, a)-th entry 
is the percentage of personnel in paygrade a and duty type c, with 
a PRD of 1 through 4, whose PRD is extended to b remaining quar- 
ters.  The data unit LROT (figure 6) is a 3 x M matrix in which the 
(c, b)-th entry is the percentage of personnel in duty type c who 
are assigned a new PRD of b quarters. Again, due to space consid- 
erations, this data has been separated into a(0,l)-array and a 
vector which are stored in consecutive components of FILEl as 
indicated in table 2. 
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ACCESSIONS AND INVENTORY 

In the model, accessions are interpreted to include lateral 
transfers in and out of a rating as well as new personnel entering 
at the lower paygrade levels.  Thus lateral transfers out of a 
rating are represented by a negative number.  Also, a significant 
number of people attend schools between duty tours, and for this 
period they are not counted as part of the distributable inventory. 
This can be modeled by considering school candidates as negative 
accessions to the inventory when they enter school and positive 
accessions when they are re-established in the normal paygrade 
inventory. 

Paygrade accessions and inventory are both represented as 
3 X L X M arrays in which the (a, b, c)-th entry is the number of 
accessions to/from (or personnel in) the cell defined by duty 
type a, LOS b and tour length c.  There is one such array for each 
paygrade and time period.  In the case of inventory, the initial 
period 0 inventory is input, and all subsequent periods represent 
output from the PROJECT program.  These are the largest data ele- 
ments in ROTATIONMOD and must be stored as pairs consisting of a 
(0, 1)-array and a vector as previously described.  For both acces- 
sions and inventory, the data unit is the entire 3-dimensional 
array. 

SUMMARY 

The summary data, stored in component 1 of FILE4 is also 
output from PROJECT; and for each paygrade and time period T it 
consists of totals of the following data types: 

Initial inventory at period T 
Inventory after attrition 
Promotions into paygrade 
Accessions into paygrade 
Paygrade limits for period T+1 
Projected inventory for period T+1 

It is stored as a T x 7 x K array.  The data unit SUMMARY is a 
7-component vector as shown below. 

SUMHARY 
;i.  3875*185336  30^3.7291.28  0  261.5  3825  39^8.321.063 

The first component indicates the paygrade and the remaining six 
are totals for each of the above data types. 

In table 2 we summarized all data types.  The table also 
includes three which have not been described.  These are not stored 
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in the files, but can be computed from stored data.  For example, 
the SURVIVING INVENTORY is simply the paygrade inventory after 
attrition.  PROMOTIONS is the array of actual promotions in each 
inventory cell computed by applying the adjusted promotion proba- 
bilities to the surviving paygrade inventory.  The PREPARED 
INVENTORY is the inventory array which results after attrition and 
promotions have been completed.  That is, the inventory of a pay- 
grade just before it is rotated.  Each of these inventory-type data 
arrays represents a particular stage in projection to the next 
period.  This data can be printed by the PRINT function described 
in chapter V; thus the user can examine in detail the steps in the 
transformation of an inventory into the next periods' inventory. 

We now turn to a description of the workspace parameters 
which provide added flexibility by allowing the user to modify 
certain aspects of the projection process. 
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CHAPTER IV 

WORKSPACE PARAMETERS 

In addition to the file system, which has been described, and 
the programs which will be discussed in the next chapter, 
ROTATIONMOD utilizes parameters which define file size and control 
the operation of certain functions.  The parameters K, L, M, T and 
OPl have already been defined; a summary description of all 
parameters can be found in appendix C. 

The rotation pattern, as we have seen, consists of early, 
normal and late rotation components.  In order to increase flexi- 
bility, we have introduced parameters 0P2 and 0P3 to control the 
effects of early and late rotation.  If 0P2 = 1 then the late rota- 
tion data will enter into the rotation computation.  However if the 
user sets 0P2-*—0, PROJECT will ignore late rotation data.  Simi- 
larly, if 0P3 = 1 early rotation information will be utilized while 
if OPS = 0 it will be ignored.  Thus, for example, the operator can 
study consequences of a purely normal rotation pattern, without 
destroying other rotation data, by setting 0P2-«—0P3-*—0. 

Normally, because of file size limitations, it is necessary 
to restrict T £ 5.  That is, an initial inventory can be projected 
at most 5 periods.  However, the effects of certain aspects of a 
sea/shore policy may not appear for several years (e.g. a change in 
rotation patterns may have no effect on duty type distributions for 
three or four years).  The operator can analyze an inventory pro- 
file over a longer time span than would otherwise be possible by 
using 0P4.  This parameter is a 2- component vector.  If 
0P4[1] = 0, it has no effect.  However, if 0P4[1] = 1 and 
0P4[2] = T, ADJPROB and PROJECT will re-define the projection 
period to be T, and will use time period T - 1 data to operate on 
inventory stored in time period T.  The projected inventory is 
stored in the time period T space, destroying its previous con- 
tents.  In this way the time period T inventory can be projected to 
any future period using, at each projection, the period T-1 input 
data.  The use of 0P4 will be more completely described in chapter 
IV. 

The user may be interested in aggregating certain paygrades. 
For example, because of the one-up/one-down principle for filling 
paygrade billets, paygrades E-4 and E-5 could be combined in an 
analysis of personnel available to fill E-4 billets.  For all 
additive data types, this can be accomplished by an appropriate 
setting of the vector OPS (the additive data types are defined by 
an "a" in table 2).  Roughly, a data type is additive if the data 
for an aggregate of paygrades is the sum of the data for the 
individual paygrades.  Promotions are the only exeption to this 
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rule; it is clear that promotions out of an aggregate are the same 
as promotions out of the highest paygrade in the aggregate. 

The parameter OPS must satisfy the following conditions: 

• All components lie in the interval between 1 and K 
inclusive. 

• OPS has an even number of components n 

• The number n of components must lie between 2 and 2K 
inclusive. 

Under these conditions, OPS defines n/2 paygrade groups in which 
the m-th paygrade group is the aggregate of all paygrades k in the 
interval OP5[2m-l] <. k £ OPS [2m] .  For example, if OPS = 1, 4, 6, K 
then two paygrade groups are defined.  The first is the aggregate 
of paygrades 1, 2, 3, and 4 and the second is the aggregate of pay- 
grades 6 through K.  The function GROUP aggregates additive data 
for the paygrade groups defined by OPS. 

The ordinary paygrade structure is obtained by the APL 
command OPS-«—1, 1, 2, 2, ..., K, K.  In most cases OPS should 
initially be set to this value and altered only for special 
considerations. 

The parameter 0P6 serves the analogous purpose of aggregating 
LOS categories for additive data types.  This vector must satisfy 
the conditions for OPS with K replaced by L.  Normally the value of 
0P6 would be specified by the APL command 0P6-«—1, 1, 2, 2, ..., L, 
L. 

Finally, there are four "check" parameters:  COA, COP, CIA 
and ClP.  These are binary vectors stored, respectively, in compo- 
nents T+l,T+2, 3+2T and 4 + 2T of FILES.  The number of com- 
ponents in COA is the number of time periods, starting with period 
0, for which adjusted probabilities have been computed in the 0- 

compartment; and the number of components in COP is the number of 
periods to which the inventory has been projected (initial inven- 
tory is by definition the projected inventory at time T = 0) in the 
0-compartment.  The vectors CIA and ClP have an analogous interpre- 
tation for the 1- compartment. 

Immediately after the inventory has been projected T periods, 
COP (or ClP if OPl =1) is a vector consisting of T + 1 zero 
components.  If input data affecting PROJECT is changed at the T - 
1 time period by using CHANGE to make selective alterations, a 1 is 
automaticallly placed in component T of COP (or ClP).  Figure 7 
shows a sample setting.  Similarly alterations in data on which 
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LK)n   •■■   .1.      1      0     0     0 
LA)!'-'   ■■■■■■■■   1      1      0     0     0 

Cl.A   ■■■   0      1 

FIG. 7:  A SETTING OF THE CHECK VECTORS 

the ADJPROB program depends are reflected in COA or CIA by a 1 in 
the appropriate component.  These check parameters provide the 
operator with a convenient check on the consistency of the data in 
the file system.  ADJPROB and PROJECT will give error messages if 
the operator tries to use these programs after altering data for a 
prior period.  The current value of all workspace parameters can be 
obtained by using the STATUS function. 

This completes our discussion of workspace parameters.  The 
relations between them and the ROTATIONMOD functions are summarized 
in table 3. 
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TABLE 3 

INTERRELATION OF FUNCTIONS AND WORKSPACE PARAMETERS 

OPl  0P2  OPS  0P4  0P5  0P6  COA COP CIA  CIP 

ADJPROB 
ALTER 
ATTRITION 
CHANGE 
CHECK 
COMPTA 
COMPTR 
FILEALT 
FILL 
FFF 
GROUP 
HEADER 
PREPINV 
PRIN 
PRINT 
PROJECT 
STATUS 
TRANSFER 
READFILE 
WRITEFILE 

+ 0 0 + 0 0 1 
+ 0 0 0 0 0 0 
+ 0 0 + 0 0 0 
+ 0 0 0 0 0 0 
+ 0 0 0 0 0 - 
+ 0 0 0 0 0 0 
+ + + 0 + 0 0 
+ 0 0 0 0 0 - 
+ 0 0 0 0 0 0 
+ 0 0 0 0 0 0 
+ 0 0 0 + + 0 
0 0 0 0 0 0 0 
+ + + 0 0 0 0 
0 0 0 0 0 0 0 
+ 0 0 0 + + 0 
+ + + + 0 0 - 
+ + + + + + + 
0 0 0 0 0 0 0 
+ 0 0 0 0 0 0 
+ 0 0 0 0 0 0 

1 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

+ 
0 
0 
0 

1 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

+ 
0 
0 
0 

1 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

+ 
0 
0 
0 

+ means that the parameter value affects the operation of the 
function, while - indicates that the function affects the parameter 
value. 
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CHAPTER V 

ROTATIONMOD FUNCTIONS 

The functions which comprise ROTATIONMOD are described in 
this chapter.  The theoretical basis for the computations are 
discussed in appendix A. 

The functions fall into two categories:  those which the user 
must operate, and functions which appear as subroutines in these 
user-oriented functions.  The user-oriented functions are listed 
below: 

ADJPROB 
CHANGE 
COMPTA 
COMPTR 
FILL 
PRINT 
PROJECT 
STATUS 
TRANSFER 
READFILE 
WRITEFILE 

In this chapter we shall give a general description of each 
function.  Appendix B contains flow diagrams and a complete listing 
of all functions. 

User-Oriented Functions 

These are the programs that the operator must use when 
applying ROTATIONMOD.  We have tried to minimize the knowledge of 
APL necessary for their operation by providing error message 
responses and conversational program entries where appropriate. 

ADJPROB 

Historical probabilities of promotion (see chapter III) are 
inputs to the expanded rotation model.  However, promotion behavior 
is modified by time-dependent factors such as changes in end- 
strength requirements, accessions or continuation; therefore the 
actual promotions in any period will depend on changes in these 
factors.  This requires an adjustment of the historical probabili- 
ties.  The modeling of this response is carried out by the program 
ADJPROB and the subroutine FFF. 
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In order to compute adjusted promotion probabilities for time 
period T, the user types ADJPROB T.  The results of the subsequent 
computation are stored in FILE3 (see chapter II).  The conditions 
required for using this program are listed below: 

• 0 < T < T 

• Inventory has been projected to period T. 

• Subsequent to this projection, no input data for 
previous periods has been altered. 

A violation of any of these conditions results in an error message 
and termination of the program.  The compartment from which input 
data is read is determined by the value of OPl. 

Normally, when 0P4[1] = 0, ADJPROB will read data from the 
period T spaces and store computed adjusted probabilities in the 
period T space.  However, if 0P4[1] = 1, then no matter what value 
of T is entered, ADJPROB will redefine it to be OP4[2]-l.  When 
0P4[1] = 1, ADJPROB and PROJECT can be used to project an inventory 
to any future period, using at each such projection the input data 
corresponding to time period OP4[2]-l.  This will be described in 
more detail in the discussion of PROJECT and in chapter VI. 

CHANGE 

This function enables the user to make selective alterations 
in the data base.  To use CHANGE, the operator types CHANGE 'DATA 
TYPE.'  Then in response to the displayed prompt the user specifies 
the data compartment which is to be changed.  The program then 
responds with further prompts asking for paygrades and time periods 
at which the change is to be made.  The desired change is then 
entered in the form specified by the prompt. 

CHANGE has the modular structure shown in figure 1; each of 
the component functions is called CHANGEE.  At the present time, 
CHANGEE programs have been written for the data types "PAYGRADE 
•LIMITS", "CONTINUATION", "EARLY ROTATION", "NORMAL ROTATION", "LATE 
ROTATION", and "ACCESSIONS."  Once it has been established what 
type of alterations are most useful for a particular data type, the 
corresponding CHANGEE program can be written or modified and stored 
in the MOD file. 

COMPTA 

This function is used to give an approximation to the number 
of accessions needed each period to bring the inventory to a 
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specified level at the end of a specified time period.  If it is 
desired to have a total inventory I at the end of period T, the 
inventory must first be projected T periods using current input 
data.  Then the user types COMPTA, and enters the values of I and T 
when prompted.  The function then computes an estimate of the 
accessions required per period to attain the desired force level at 
period T.  The inventory should be projected again to T periods 
using the new accession levels estimated by COMPTA; if this 
projection is still not sufficiently close to the desired level, 
COMPTA can be repeated; COMPTA is intended to be used iteratively 
in conjunction with the PROJECT function. 

COMPTA 
ENTER NEW INVENTORY SIZE 
a; 

ENTER TIME PERIOD AT WHICH NEW INVENTORY IS TO BE ATT,*iINED 

FIG. 8:  INPUT FORMAT FOR COMPTA 

COMPTR 

This function is intended to help the user decide what type 
of normal rotation patterns will provide a desired personnel 
distribution between duty types.  The steps needed to activate 
COMPTR are shown in figure 9.  The user types COMPTR and is 
prompted to enter a paygrade, duty type, time period Tj^, and a 
time period T2 subsequent to T^.  The output is a table as 
shown in figure 10.  The values of parameters affecting this 
computation are indicated.  In this example the user was interested 
in analyzing the effects of rotation changes on the total number of 
personnel in paygrade 2 at shore in period 2.  In general, the 
output gives the number of personnel rotating to the duty type in 
period T^ who will rotate from that duty type in period T2 - 1, 
if all were originally sent to the indicated tour length. 

In order to clarify the use of this function, we shall 
describe the basis of the computation.  For a given paygrade and 
time period T2^ the number of personnel in a duty type is 
affected by how many rotate from that duty type in period T2 - 1. 
This number in turn, is affected by the rotation policy at periods 
prior to T2 - 1.  For example, personnel rotating into the duty 
type in period T^ will be up for rotation in period T2 - 1 only 
if they are sent to tour lengths of 4 (T2-T]^-l)-3 to 
4 (T2-T]^-l)+3 quarters.  Therefore by changing the percentages 
of personnel who are sent to these tour lengths in period T^, the 
user can affect the size of the duty-type in period T2■  For 
instance in figure 10 the entry in the last column of the first row 
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COMPTR 
FOR A PAYGRADE GROUP (DEFINED BY OPS) AND DUTY TYPE* 
COMPTR DESCRIBES THE EFFECT OF CHANGES IN NORMAL ROTATION 
AT A PERIOD Tl ON THE TOTAL PERSONNEL IN THE DUTY TYPE AT A 
SUBSEQUENT PERIOD T2>liTl 
ENTER PAYGRADE GROUP 
a: 

DUTY TYPE: SHORE 
ENTER PERIOD Tl 
a: 

ENTER PERIOD T2 
a: 

FIG. 9:  INPUT FORMAT FOR COMPTR 
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is the number of people who came from sea in period 0 and are 
scheduled to rotate from shore in period 2 - in this example it is 
0.  If, for example, the sea-to-shore rotation pattern for period 0 
is changed so that 5 percent are given a tour length of 7 quarters 
while the remaining 95 percent are sent to a tour length of 6 
quarters, then the consequent change in the shore level is computed 
as described in the APL expression in figure 10: 

0 - ( .95 X 8 + .05 X 5) « - 8. 

That is, this change in the sea-to-shore rotation at period 0 will 
cause a decrease of approximately 8 people in the shore level in 
period 2. 

The use of COMPTR will be illustrated further in chapter 
VI. 

FILL 

The operation of READFILE, WRITEFILE and TRANSFER require the 
data files to be filled with the appropriately shaped data arrays 
described in chapter III.  Therefore when the files are initially 
being set up, the components are first filled with shaped 0-arrays. 
Once this is done, functions using WRITEFILE as a subroutine can be 
used to automatically load input data.  The data files are filled 
with shaped 0-arrays by typing FILL.  In response to the prompt, 
the user specifies the compartment in which the 0-arrays are to be 
placed.  FILL also initializes the check parameters.  (The initial 
values of the check parameters will be discussed in detail in the 
description of the CHECK function.) 

The user may, of course, develop programs for loading the 
data files which would directly incorporate FILL or obviate its use 
altogether. 

PRINT 

One of the major programs in ROTATIONMOD is the print 
function which provides access to all the data types listed at the 
beginning of chapter III.  We will first describe in general terms 
how the user operates PRINT; then specific input/output formats 
will be illustrated. 

The print program has the modular structure described in 
figure 1.  Each data type is printed by a function called PRINTT 
which is stored in the appropriate component of MOD (the component 
corresponding to a given data type can easily be determined from 
the listing of PRINT in appendix B). 
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The user types PRINT 'DATA TYPE', where DATA TYPE is one of 
those listed in table 3.  In response to the prompts, desired 
paygrade groups and time periods are entered as numeric vectors. 
Certain data types will also require the further specification of a 
duty-type and/or whether the output will be in the form of an array 
or as totals.  After the requested duty type has been printed, a 
prompt will ask if the user desires to see another duty type.  If 
so, the user responds by typing yes and then specifying the duty 
type.  Otherwise he types no and the program will continue to the 
next time period or paygrade group.  The program can be terminated 
at any stage where input is requested by typing—►.  Figure 11 
illustrates these possibilities. 

Additive data (see table 2) can be aggregated by use of the 
parameters OPS, which defines paygrade groups, and 0P6, which 
defines groupings of LOS categories.  For example, if 0P6 = 1, L 
data from all LOS categories are combined.  In conjunction with" 
this value of 0P6, inventory arrays would be printed as a 
distribution by tour lengths as illustrated in figure 12. 

We shall now describe input/output formats for each of the 
data types in table 2.  The upper portion of figure 13 shows the 
input format for billet data.  The lower portion is output.  Since 
BILLETS is an additive data type, the current workspace value of 
OPS is printed out.  This defines the paygrade groups to which the 
output refers.  In this example the number of billets for each duty 
type is the same for each of the time periods 0 <_ T _< 4. 

PAYGRADE LIMITS are shown in the sample output in figure 14. 

Data for PROMOTION PROBABILITIES, ELIGIBLE PROBABILITIES, 
CONTINUATION, and ADJUSTED PROBABILITIES have the output format 
illustrated for continuaion in figure 15.  Since these are not 
additive data types, the output format does not include the values 
of OPS or 0P6.  The rows correspond to LOS categories, and the 
columns correspond to paygrades.  In the example, the LOS 8 
continuation rate for paygrade group 2 is 0.8718.  That is, in 
paygrade 2 approximately 87 percent of this LOS continue from time 
period 3 to period 4. 

Early rotation data is displayed in figure 16.  In this 
example, for paygrade 3, 2.42 percent of the personnel on shore 
duty rotate early to sea duty in period 0. 

An example of the normal rotation pattern for paygrade 2, in 
time period 1, is shown in figure 17.  In this illustration almost 
90 percent of the personnel rotating from shore to sea will be sent 
to a tour length of 16 quarters. 

A typical late rotation pattern is shown in figure 18 for 
paygrade 3 in time period 0.  In this case, 9.4 percent of the sea 
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PR1:NT'INVENTORY' 
SPECIFY DATA COMPARTMENT (0 OR :l. ) 

■ P' 

0 
PAYGRADE GROUPS n. 3 
TIME PERIODS 50 1 
TOTALS OR ARRAY? ARRAY 
DUTY TYPE 3 SEA 

(Sea array for paygrade 1 in period 0) 

DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE PROCEEDING 
TO THE NEXT PAYGRADE/TIME PERIOD? YES 
DUTY TYPE I SHORE 

(Shore array for paygrade 1 in period 0) 

DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE PROCEEDING 
TO THE NEXT PAYGRADE/TIME PERIOD? NO 

(Sea array for paygrade 1 in period 1) 

FIG. 11?  EXAMPLE OF PRINT SYNTAX 
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* 

PRINT'BILLETS' 
SPECIFY DATA COMPARTMENT(0 OR 1) 
□ : 

1 
PAY6RADE   GROUPS:1 
TIME   PERIODS:©   12   3   4 

BILLET   REQUIREMENTS   FOR   PAYGRADE   GROUP   =■      1 
(0P5=1      1223344556677) 

DUTY   TYPE: ■ SEA SHORE NEUTRAL 

TM   =  0 
TM   =   1 

2443 645 l-> 
2443 645 13 

•fM   s=   2 2443 645 13 
TM   =   3 2443 645 13 
TM   =4 2443 645 13 

FIG.   13:     BILLET  OUTPUT  OR PRINT 
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r-RINT'PAYGRADE LIMITS' 
SF'ECIFY DATA COMPARTMENT (0 OR 1) 
o: 

0 
PAYGRADE GROUPSJl 2 3 5 
TIME PERIODS:0 1. 2 3 4 

i-fV( GRADE (;iROUP LIMITS 
(,nP5^-:l.  :i,  2  2  3  3  4  4  5  5  6  6  7  7) 

pr-,H;=:^ .        I -2  3- ..   . .§.. 

IM   ■■■■■■ ■ <} 2645 1882 2325 703 

IH   ^^■■ ■    1 2645 :l.882 2325 703 

1 M   ^^ ::     ^} 2645 1882 2325 703 

rti - -   3 2645 1882 2325 703 

CM   ■■■■■' ;:     4 2645 1882 2325 703 

FIG. 14:  PAYGRADE LIMITS OUTPUT OF PRINT 
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PR]:NT'CONTINUATION' 
SPECIFY DATA COMPARTMENT(0 OR 1) 
0} 

0 
PAYGRADESJl 2 3 
TIME PERIODS: 3      *, 
DUTY TYPE: SEA 

CONTINUATION   RATES   FOR   PERIOD   '^      3 
j;Hl(Y ■•■•TYPE: SEA 

PG 

LOS ^^ 1 0.9074 1,0000 0,5000 

i.,.os --^ •;;> 0,8384 0,8269 0,8182 

LOS -^ 3 O.BOBB 0,7581 0,9730 

i..OS - 4 0.0B60 0,2605 0,5392 

LOS --^ '.v.' 0,5000 0,8704 0,8908 

L.OS ■■■■'- 6 0,8000 0,8243 0,9013 

LOS ■■■■' 7 

B 
1,0000 
0,0000 

0,8197 0,9252 

LOS - jo, 8718 1 0,8483 
LOS ^^ 9 0,0000 0,7273 0,9189 
L.OS =- 1.0 0,0000 1,0000 0,9231 

LOS =^ :l, -.1. 0,0000 1,0000 0,9038 

l.OS ^^ 12 0,0000 0,8333 0,9818 
LOS ^^- 13 1,0000 1,0000 0,9143 

L.OS ^^ 14 0,0000 1,0000 0,9091 

i. OS ^- 15 0,0000 1,0000 0,9600 

L.OS ■■■■■■^ 16 0,0000 1,0000 0,9677 

LOS ^^^^ 17 0,0000 1,0000 1,0000 

L.OS ■■^■■^ IB 0,0000 0,0000 1,0000 
LOS  :^- 19 0,0000 0,0000 0,7500 

LOS ^^ 20 0,0000 0,0000 0,0000 

LOS ■■-■■ 21 0,0000 0,0000 0,0000 
L.OS ^^- 22 0,0000 0,0000 0,0000 

LOS ^^ 23 0,0000 0,0000 0,5000 

I...OS ^^^ 24 0,0000 0,0000 0,0000 

1 OS ^ 25 0,0000 0,0000 0,0000 

i,..OS ^== 26 0,0000 0,0000 0,0000 
LOS ^^= 27 0,0000 0,0000 0,0000 

1 OS ^^■■ 2B 0,0000 0,0000 0,0000 

LOS - 29 0,0000 0,0000 0,0000 

LOS ^ 30 0,0000 0,0000 0,0000 

LOS ^^ 31 0,0000 0,0000 0,0000 

FIG. 15:  CONTINUATION OUTPUT OF PRINT 
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PRINT'EARLY ROTATION' 
SPECIFY DATA COMPARTMENT(0 OR 1) 

0 
PAYGRADESJil. 2 3 6 7 
TIME PERIODS JO 

I;.:ARI,.Y r^OTniiON IN PERIOD ■■■^^■-    o 

l-sdTATIONt SE ?8M        SE ^NT        SH vSE        SITJNT        NT-JCE        HJ-^') 

o.; o!'V7:'': Ci .■ c^ox 3 () ^ 147:i, 0 .> 0000 0 < oooo 0 ■: 0000 
0.^ :1.2'''i"' OiOOOO 0 ■> 0737. 0^0046 0,0000 0^5000 
0^0735 0,0000 |o; 024 2I 0:0000 1-i 0000 I-; 0000 
Oi.1190 0.0000 0»0:l.i'r:' 0.0000 1,0000 O... 0000 

FIG.    16:      EARLY   ROTATION   OUTPUT   OF   PRINT 
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PRINT'NORMAL   ROTATION' 
SPECIf"Y   DATA   COMPAFryMENT(0   OI"i   1) 

0 ■ 
PAYGRAIiES:2 
TIME   PERIODS:i 

NORMAL   ROTATION   F-OR   PAYGRADE   PG   ^■■■■■-      2   IN   PERIOD   TM   ■■■■■■■■      1 

ROTATION?       nr:>sH      GF:-JNT      SIIM-Ur      8H>NT      NT^SE      NT-^SII 

TL ■■■■■■ 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
jl :::: 2 0.0000 0:0000 0.0000 0.0000 0.0000 0.0000 
TL ■-■■■■ 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
TL ■■■■■■ 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
r I „ -" 5 0 . 0 0 0 0 0 . 0 0 0 O O . O O 0 0 0 . 0 0 0 0 0 . 0 0 0 0 C'. 0 0 0 0 
TL ■-■■ 6 0.0 :l. 00 0.0000 0.0000 0. 0000 0.0000 0 . 0050 
TL "" 7 0.0400 0.0000 0.0000 0.0000 0.0000 0.0200 
TL -= 8 0.899:1 0.0009 0.0000 0.0009 0:0000 0.4500 
TL ■■■■■■■ 9 0.0400 0:0000 0.0000 0.0000 0.0000 0.0200 
Tl„. ■■■■■ 10 0.0100 0(0000 0.0000 0.0000 0.0000 0.0050 
T I,.. ■■■■■■ 11 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 00 0 . 0 0 0 0 0 . 0 0 0 0 
TL ■■■■■■ 12 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
TL •■" 13 0.0000 0. 0000 0. 0000 0.0000 0.0000 0.0000 
T I... :::: 14 0.0 0 0 0 0 . 0 0 0 0 0 . 010 0 0 . 0 0 0 0 0 .005 0 0 . 0 0 0 0 
TL -: 15 0.0000 0.0000 0.0400 0.0000 0.0200 0.0000 
T i,., :::: 16 0.0 0 0 0 0 . 0 0 0 0 p. 89911 0 . 0 0 00 0.45 0 0 0 . 0 0 0 0 
TL -- 17 0.0000 0.0000 0.0400 0.0000 0.0200 0<0000 
TL "" 18 0.0000 0.0000 0.0100 0.0000 0.0050 0.0000 
Tl,. -■■■ 19 0.0000 0.0000 0^0000 0.0000 0.0000 0.0000 
■f I -:: 2 f\ 0 j 0 () 0 0 0 j 0 0 0 0 0 , 0 0 0 0 0 . 0 0 0 0 0 V 0 0 0 0 0 . 0 0 0 0 

FIG. 17:  NORMAL ROTATION OUTPUT OF PRINT 
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PRINT'LATE ROTATION' 
)I"-EC1I"Y DATA COMPARTMENT(0 OR 1) 
D: 

0 
PAYGRADEG:3 
TIME PERIODS:0 

rVTE   F-; or ATI ON   F"OR   Pi'^YGRADE   PG IN   PCPIOD   TM 

riiJTY TYPE: iORE NEUTRAL 

TL 

TL   ■■ ̂̂̂   3 
TL.      : .:     .4 

i  1 ,. 

Tl...   ■■ ■■■■   A 

Tl...   ^ ■■■   7 

Tl.   ■■ ■■■■■   8 

TL     : :.     9 
Tl...   ^ ■■■■■  1.0 
TL   ■■ 
T1 1 1... 

Tl...    ■■ ■■:■■      13 
11...   ■■ -      14 
Tl...   ^ -   15 
■Tl...    ■ '■■■■■'   16 
Tl...   ■ ■■■   17 
■Tl...   : -   10 
TL ■■■■■■■   19 

20 

0.0000 
0.0000 
0 (. 0000 

0.0030 
0.0140 
0.0070 
0.0100 
0.0000 
0.0030 
0.0000 
0.0030 
0 . 0 0 0 0 
0.0030 
0.0000 
0,0000 
0.0000 
0;0000 
0.0000 

OiOOOO 
0.0000 
0.0000 
0.0000 
0,1040 
0.0270 
0.0130 
O.OIOO 
0.: 0370 
0.0070 
0.0030 
0.0030 
0 V 0 (' 0 0 

0.0130 
0.0030 
0.0030 
0.0000 
0.0000 
0.0000 
0 j 0000 

0 :. 0 0 0 0 
0 . 0 0 0 0 
0.00 0 0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0;0000 
0.0000 
0.0000 
0-: 0000 
0 ,j (■)()()() 

0.0000 
0 V 0000 
0.0000 
0.0000 

FXG, 18:  LATE ROTATION OUTPUT OF PRINT 
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inventory normally scheduled to rotate in this period will have 
their PRD's increased to 5 additional quarters. 

The data types INVENTORY, ACCESSIONS, PROMOTIONS, SURVIVING 
INVENTORY, and PREPARED INVENTORY all have the same output format. 
There are two types of output available for these data types:  the 
matrix array corresponding to a duty type, and the total of this 
array.  An example of the "totals" format is shown in figure 19. 
The total for each duty type is broken out into rotating and 
non-rotating totals. 

Hence, in this instance, the model has projected a total of 
1447 personnel in paygrade 3 at sea in period 2, and 427 of these 
will rotate to a new duty type during the period. 

The final output format is associated with summary data, and 
is shown in figure 20.  These are paygrade totals.  All of this 
data is additive, and the last column indicates aggregate data for 
the whole rating.  Note that the "promotion into" row is zero. 
This corresponds to the fact that, by definition, there are no 
promotions into a rating. 

PROJECT 

This is the main program in ROTATIONMOD.  Its purpose is to 
project the inventory at the beginning of period T - 1 to the 
beginning of period T.  The user simply types PROJECT T.  However, 
several conditions must be satisfied: 

• < T <_ T ^'■■ 

• The inventory has been projected to period T - 1 

• Adjusted promotion probabilities for period T - 1 
have been computed 

• Subsequent to projection and computation of adjusted 
probabilities, no input data for periods £ T - 1 have 
been altered. 

Violation of any of these conditions results in an error message 
and termination of the program. 

The inventory is projected by the sequence of steps shown in 
figure 21.  This loop is repeated for each paygrade. 

The output of PROJECT T is of two types:  inventory data and 
summary data.  Normally, when 0P4[1] = 0, this data is stored in 
the period T space in FILE4, as we have previously described in 
chapter II.  However, if 0P4[1]=1, PROJECT is modified to read 

39 



PRINT-'INVENTORY' 
SPECIFY DrtTA COMPARTMENT<0 OR 
□: 

0 
PAYGRADE GROUPS:i 3 
TIME PERIODS;© 2 3 
TOTALS OR ARRAY? TOTALS 

1) 

TnTAI     TNUFNTORY   FHR   PAYRRAFlF   RROIIP   =.      1 
<npf:=J      1      22;X344S,"5«67 7) 

niiTY TYPE: tm 8H0RE NEUTRAL 

TM » 0 
TM - 2 
TM •= 3 

R6 
11 
7 

2H54 
2220 
20S0 

2940 
2232 
2057 

319 
225 
238 

2S2 
395 
346 

<401 
A20 
584 

7 
6 
7 

R 
5 
4 

IS 
n 
11 

TOTAI     TNUFNTORY   FOR   PAYriRAHF   RROIIP   =     3 
fnP5=1      1223344.5     5     AA 7) 

ntJTY TYPF: .SEA SHORE NEUTRAL 

TM   =   O 
TM   =   2 
TM   =   3 

334 
l4?7 

_9A7 1301 
ior>o 1 4A 

444 lOtO 
3 

1 454 

390 398 788 
424 44R 872 
435 432 8(47 

FIG. 19:  INVENTORY OUTPUT OF PRINT 
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STARTING 
INVENTORY 

I 
ATTRITION 

PROmTIONS: 
OUT OF 
IN TO 

ROTATION 

NEXT 
PERIOD'S 
INVENTORY 

ACCESSIONS 

FIG. 21:  STEPS IN PROJECT 
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inventory data from the space corresponding to time period = OP4[2] 
and its other input data from the space corresponding to a time 
period = OP4[2] - 1.  The inventory which is projected on the basis 
of this input is stored in the space corresponding to time period = 
OP4[2], destroying previous stored data.  By setting 0P4'*»— 1, T 
the user can thus project the inventory stored in the time period T 
space (using constant input data from the time period T-1 space) to 
any number of future periods.  Since inventories from intervening 
periods are destroyed in this process, the operator should obtain a 
hard copy printout of all desired information before proceeding to 
the next projection.  Circumstances in which this option are useful 
will be described in chapter VI. 

The settings of 0P2 and 0P3 determine which combination of 
the three rotation categories 

• Early rotation (0P3 = 1) 
• Normal rotation 
• Late rotation {0P2 = 1) 

the projection program utilizes (see chapter IV for a discussion of 
the parameters 0P2 and 0P3).  The setting of OPl determines the 
data compartment that PROJECT reads from. 

STATUS 

When the user types STATUS, current values of all parameters 
are displayed as shown in figure 22.  The interpretation of the 
display below the dotted line has already been discussed in chapter 
IV in conjunction with the check parameters. 

TRANSFER 

This function is used to transfer specified data types from 
one data file compartment to another.  The user types TRANSFER, 
then indicates to which compartment data is to be transferred. 
The user also has the option of transfering an entire data file or 
a specific data type. 

In order for this function to work, the data files must be 
filled with the shaped data arrays described in chapter III. 

READFILE and WRITEFILE 

These two functions are the primary means of access to the 
data files.  As such, they appear as subroutines in many of the 
other ROTATIONMOD functions.  These two functions manipulate the 
data units which were defined in chapter III.  The syntax of both 
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STATUS 1 

li  =■••• 7 OP2 - 1 
L =-•= 31 0P3 -^^   1 
U   = 20 I =^ 5 
aF'i ^-   0 

OF-4 = 0 0 
0P5 == 1 1 2  2  3 3 4  4  5 5  6  6 7 7 
OP 6 == 1 1 2  2  3 3 4  4  5 5  6  6 7 7 8  8  9 

9 10 10  11 11 12  12 13  13  . L4 14 15  15 
16 16 17  17 18 18  19 19  20 20 21 21  22 
2'' 23 23  24 24 25  25 26  26 27 27 28  28 
29 29 30  30 31 31 

  

TM 0  1 3  4 

C0.*i ==1  10  0  0 
COP ••:=: 1  1  0  0  0  0 

CIA 
CIP 

=^ 0  1 
-00 

FIG. 22 STATUS OUTPUT 
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functions are the same.  The user types READFILE X, where X is a 
vector whose 4-components specify a file compartment, a data type, 
a paygrade and a time period respectively (1 _< X[2] <   12), where 
the value of X[2] defines the data type as indicated in table 2. 
The data unit specified by X is read from the data file and placed 
in the workspace.  Similarly, WRITEFILE X stores the >data unit 
corresponding to X[2] in the file space defined by the coordinates 
X[l], X[3] and X[4].  If the corresponding data unit is not in the 
workspace an error results and WRITEFILE is suspended.  These 
functions can be used as subroutines to functions for automatically 
loading or altering the data base, or the user may apply them 
directly. 

This completes our description of the user oriented 
functions.  Unless it is desired to make alterations in the model, 
it is not necessary to be familiar with the "system" functions 
described in the next section. 

System Functions 

These functions occur as subroutines in the user-oriented 
programs previously described.  They are generally more technical 
than the user-oriented functions, and so we adopt a more symbolic 
description throughout this section. -* 

ALTER 

Syntax:  J ALTER X 

J is an integer in the interval a<J<^6.  Xisa 3-component 
vector specifying a data compartment, paygrade and time period. 
The output, a 3-dimentional array called HOLD, is one of the 
following data-types: 

• (J = 1)  The inventory array specified by X. 

• (J = 2)  The late rotating portion of the inventory 
reassigned to their new tour length cells. 

• (J = 3)  The normal inventory after late rotating 
personnel have been removed. 

• (J = 4 or 5)  The portion of the inventory subject 
to early rotation. 

• (J = 6)  Normal inventory after early rotating 
personnel have been removed. 
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For J = 2, ALTER produces an array of the same dimensions as 
inventory.  The (a, b, c)-th component is the total number of 
personnel in duty type a and LOS b who have been ressigned to a new 
tour length c.  The early rotating portion of the inventory is 
distributed equally in tour length components 1 through 4. 
Since there are 6 rotation types (see chapter III), the early 
rotating inventory is further divided into two 3-dimensional 
arrays, one corresponding to J = 4, and the other corresponding to 
J = 5.  For J = 4 the (a, b, c)-th entry is the total number of 
early rotating personnel in LOS b with tour length c (1 £ c £ 4) 
whose rotation type is 2a-l (see page 14).  For J = 5, the first 
component a of the HOLD array specifies early rotation type 2a. 
This division was made in order to avoid output arrays of more than 
3-dimensions. 

ALTER is used as a subroutine in PREPINV to separate 
(according to the particular settings of 0P2 and 0P3) the inventory 
array into early, normal and late rotating components. 

ATTRITION 

Syntax:  ATTRITION X. 

X is the same vector as in ALTER.  If 0P4[1] = 0, this 
function applies the appropriate continuation rates to the 
inventory specified by X, and produces a new inventory consisting 
of the survivors in each cell (duty-type, LOS, tour length).  When 
0P4[1] = 1, the normal operation of attrition is altered so that it 
computes a surviving inventory based on the X[3] +1 time period 
inventory but using X[3] period continuation rates. 

The function is a subroutine of ADJPROB, PROJECT and 
ALTER. 

CHECK 

Syntax:  X CHECK Z 

X is a binary digit, and Z is a 2-component vector.  CHECK is 
a regulatory function which appears in ADJPROB and PROJECT.  It 
serves two purposes.  When X = 0, the CHECK routine determines 
whether the check parameter COA, CIA, COP or ClP, which is 
specified by Z[l] = 1, 2, 3, or 4, respectively, has a non-zero 
entry in its first Z[2] components (i.e., whether these input data 
files have been altered since the last projection).  When X = 0 
CHECK has an output CH.  If data has been altered, CH = 0 and CHECK 
gives an error message.  Otherwise CH = 1. 
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When X = 1, CHECK defines the 0-component check parameter 
corresponding to Z[l] for time period Z[2] (see chapter IV), and 
stores it in the data files. 

FFF 

Syntax:  FFF 

This function is a subroutine of ADJPROB; it does the 
computation of adjusted probabilities.  Paygrade limits and 
available positions, computed by ADJPROB, are inputs to FFF, 
basis for this computation is described in appendix A. 

The 

FILEALT 

Syntax:  X FILEALT T 

X is a 2-component binary vector, T is the time period in 
which an alteration in file data is to be made.  The function 
FILEALT is designed to be a subroutine in any program (e.g. CHANGE) 
which alters data file contents.  Its effect is to place a 1 in 
component T + 1 of the check parameter defined by X as shown in 
figure 23. 

0 
0 
1 
1 

Check parameter 

0 
1 
0 
1 

COA 
COP 
CIA 
CIP 

FIG. 23 DETERMINATION OF CHECK PARAMETERS IN FILEALT 

GROUP 

Syntax:  0P6 GROUP X. 

Here X is a 4-component vector specifying a data compartment, 
data type, a paygrade group, as determined by the current value of 
0P5 (explained in chapter IV), and a time period. 

GROUP is a subroutine in those print functions corresponding 
to additive data types.  It aggregates the appropriate data for the 
paygrade groups or LOS groups defined by OPS and 0P6. 
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HEADER 

Syntax:  HEADER I 

I is a positive integer in 1 _< I <^ 6. 

HEADER is a function which prompts the user to specify 
input data; the type of data depends on the index I as shown in 
figure 24.  When 1=1, the user is asked to respond with a data 

Prompt 

1 DATA TYPE: 
2 DUTY TYPE: 
3 PAYGRADES: 
4 PAYGRADE GROUPS: 
5 TIME PERIODS: 
6 TOTALS OR ARRAY? 

FIG. 24 :  INDICES FOR HEADER 

type; when 1=2 the user must respond with a duty type; when I = 
3, a rotation type is required (see page 15); for 1=4, paygrade 
groups must be described by a numeric vector; 1=5 requires the 
same response for time periods; and when 1=6, the user response 
is "totals" or "array."  An alternative response to all of these 
prompts is to type "—►", and this will terminate the program in 
which HEADER is embedded.  The output of HEADER is an integer BR in 
the range 0 _< BR _< 3 whose value is interpreted as follows: 

• (BR = 0)  Invalid user input.  In this case an error 
message results, and the program in which HEADER is 
embedded is terminated. 

• (BR = 1)  This is in response to '!—►", and indicates 
termination of the program in which HEADER is 
embedded. 

• (BR = 3)  This value occurs when the user has 
entered a valid input response and signals the 
beginning of the function in which HEADER is embedded. 
(Note:  at one point in the development of the model 
the value BR = 2 was used.  Subsequent changes rendered 
this case unnecessary.) 

HEADER 6 translates the user's response into a binary digit H, 
where 

H -{1 
if user enters totals 
if user enters array 
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The print functions in which HEADER 6 occur use the value of H to 
decide whether to print arrays or totals. 

The reason for introducing the variable BR is as follows. 
Normally, because of the structure of PRINT, if the user terminates 
the program before completion this will leave a PRINTT function in 
the workspace which must be expunged before PRINT can be used 
again.  The introduction of the variable BR allows the user to 
terminate in response to any HEADER prompt without encountering 
this difficulty.  For when BR = 1, PRINTT will branch to its last 
step and is automatically expunged by the calling program. 

PREPINV 

Syntax:  PREPINV X 

X is the same vector as in ALTER. 

PREPINV is a subroutine of PROJECT and GROUP, whose function 
is to prepare the inventory for rotation.  First, the specified 
inventory is subjected to attrition; then, according to the 
settings of 0P2 and OPS, the surviving inventory is divided into 
early and normally rotating components (the late rotating component 
after being assigned to new tour length positions is added to the 
normal inventory).  Finally, for each of these components, 
promotions into and out of the paygrade are computed and a new 
inventory (still separated into two components) after promotions is 
the result.  This "prepared" inventory is ready to be rotated. 

Because of workspace limitations, the prepared inventory 
arrays defined by PREPINV are represented by a (0, 1)-array and a 
vector whose components are the non-zero entries of the array (this 
decomposition has already been described in chapter III). 

PRIN 

Syntax:  I PRIN X 

I is either 1 or 2, and X is a data array. 

PRIN is a format function which appears in PRINT.  Its 
purpose is to format the output of the various PRINTT functions. 

This completes our discussion of the structure of 
ROTATIONMOD.  In the next chapter some general principles for 
operating the model are described. 
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CHAPTER VI 

USING ROTATIONMOD 

Chapter I consists of a general description of the expanded 
rotation model and its characteristics.  In this chapter those 
remarks will be amplified and extended, and a sample analysis will 
be presented.  Although a detailed knowledge of APL is not required 
for operation of the model, it is assumed that the user is familiar 
with APL notation and the management of APL workspaces. 

Applications of the model include: 

• projecting current inventory to a five year 
horizon 

• determining what alterations in accessions and 
rotation policies will provide desired paygrade 
endstrengths and sea/shore distributions of personnel 
throughout the five year projection period 

• using this projection as a baseline to modify 
controllable manpower variables to produce a desired 
inventory profile 

• detecting changes in uncontrollable variables by 
comparison of actual and projected inventories 

• answering "what if" questions. 

The variables which influence the five year projections are 
endstrength requirements, accessions, continuation rates and 
promotions; however, the variables which can be manipulated by the 
user (within real-world constraints of course) are generally 
limited to accessions, and rotation.  Although incentives of 
various sorts may influence continuation, the Navy cannot affect it 
very much.  Moreover, the relations between continuation and fac- 
tors which influence it are not well understood in any quantitative 
sense.  Endstrength requirements are pretty well determined, and 
the computation of adjusted promotion probabilities is built into 
the model. 

Substantial changes in either early or late rotation will 
result in increased personnel costs and are disruptive to both 
morale and the stability of sea/shore distributions.  Thus 
systematic manipulation of these variables would not be desirable. 
The role of early and late rotation in the modeling process should 
be restricted to accounting for PRD changes due to unavoidable 
factors, such as operational holds, humanitarian considerations, 
leave between duty tours, and participation in schools. 
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Once a suitable inventory profile has been projected, by 
appropriately altering accessions and rotation patterns as 
necessary, the data base which corresponds to this profile can be 
used as a guide to ERCs and detailers in making actual personnel 
assignments.  To the extent that practice conforms to the policies 
described in the data base, the real-world personnel distribution 
will reflect the desirable characteristics of the projection. 

The first step in using ROTATIONMOD is to define the parame- 
ters K, L, M, and T.  These should be saved in the workspace, and 
they remain fixed throughout the entire analysis of the particular 
community or rating being considered.  Normally K = 7 (there are 
nine paygrades, but the first three are usually not distinguished), 
L = 31, M = 20, and T = 5 (due to file space limitations, larger 
values of T cannot conveniently be accommodated).  Next the initial 
values of the parameters OPl, 0P2, OPS, 0P4, 0P5 and 0P6 should be 
set.  These define the normal mode of operation of the functions, 
and should also be saved in the workspace so that whenever it is 
loaded, the parameters will be automatically reset to these values. 
For example, the normal setting for operation of the model would be 
OPl-<—0, 0P2-«—Op3-«—1, OP4-*-0,0, 0P5-«—1, 1, . . . K, K and 0P6-»— 
1, 1, ... L, L.  ROTATIONMOD will then utilize data from the 
0-compartment.  With the indicated setting of 0P2 and OPS, all 
three types of rotation data will be used in projecting the inven- 
tory.  The projected inventory for time period T will be based on 
period T-1 input data.  Also, paygrade groups and LOS groups will 
correspond to the normal paygrades and LOS categories determined by 
K and L.  At all times the user must exercise caution to see that 
The parameters are appropriately defined for the purpose at hand. 
Their current values can be checked by typing STATUS. 

Using FILL, the following data files can be loaded with 
appropriately shaped 0-arrays: 

• Billets 
• Paygrade limits 
• Promotion probabilities 
• Eligible probabilities 
• Continuation 
• Early rotation 
• Normal rotation 
• Late rotation 
• Accessions 
• Adjusted probabilities 
• Inventory 
• Summary 

After this has been done, programs for automatically loading data 
by data units, which incorporate the WRITEFILE function, can be 
used to enter the data base.  Alternatively, the user may wish to 
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develop other methods for loading the data files which do not use 
FILL or the WRITEFILE function. 

The data types and their structure have been discussed in 
chapter III; however, some additional remarks are appropriate here. 
Historial data for the community under consideration can be 
obtained from the enlisted master record (EMR).  This includes 
promotion probabilities, "LOS" continuation rates, rotation data, 
and accessions.  Billet requirements are determined by Navy manning 
policies in conjunction with paygrade endstrength limits imposed by 
Congress.  For data types such as promotion probabilities and 
continuation it may be useful to use the averaged data from several 
periods.  Eligible probabilities depend on length in service 
requirements and test scores.  When the model was applied to 
several test communities, eligible probabilities were estimated by 
taking the maximum value of 1 and 1.5 times the historial 
probabilities.  This gives an eligible probability distribution 
which is similar to the historial distribution, and at the same 
time allows the model to respond to alterations in endstrength 
requirements or changes in other variables which affect promo- 
tions . 

Initially the same data can be entered for each projection 
period unless there are specific anticipated (or desired) altera- 
tions from period to period; e.g. the user may wish to analyze the 
effect that a predicted decline in continuation would have on 
filling sea billets under the present rotation policy. 

The inventory is projected to T periods by alternately 
running ADJPROB T and PROJECT (T+1) for T = 0,1, ..., T-1.  When 
0P4 =0,0 the results of each projection are stored in the data 
file in the appropriate time period space.  The complete data base, 
including these projected inventories, can be accessed by the PRINT 
function.  If alterations in input data, such as rotation patterns 
or accessions, are desired, a copy of the original projection and 
input data can be transferred to the opposite compartment by using 
the TRANSFER function.  As long as OPl is not changed, this data 
will remain intact while the original input can be modified.  After 
changing input data, another projection can be run to see the 
consequences.  Thus an important application of the model is to 
answer "what if" type questions:  what will a 10 percent change in 
continuation do to the sea/shore distribution; or what are future 
consequences of changing rotation patterns? 

Another important feature of the model lies in its interac- 
tive capability, allowing complex interrelations between the data 
types, and a large number of possible alterations to achieve a 
given inventory profile.  This allows the user to attain desired 
goals—or determine that they are inconsistent—through a series of 
iterative steps in which a projection is alternated with selective 
modification of the data base.  The users' knowledge and intuition 
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concerning the sea/shore rotation process will be helpful in 
deciding  what kind of changes are necessary to project a desired 
result.  User-oriented functions, such as COMPTA and COMPTR help 
the operator estimate the magnitude of required changes. 

The parameter 0P4 provides the user with a means of extending 
the projection capability of the model beyond its normal limits. 
However, when this option is used, each projection destroys the 
previous inventory so the user must obtain hard copy data from that 
inventory before proceeding with a further projection.  Also, the 
input data (other than inventory to be projected) cannot be altered 
for each projection, but must remain independent of time.  To use 
this option the operator sets 0P4-*—1,T where T is some time period 
in the interval 1 <. T _< T.  Then the inventory to be projected is 
that which is stored in the time period T space, and the remaining 
input data on which the projection is based (i.e. continuation, 
rotation, accessions, etc.) is that which is in the T - 1 time 
period space.  For example, the operator may project the inventory 
normally to T periods, then set 0P4-^-l,T and project further to a 
period T', say, with the limitations of a constant time period 
T - 1 input for each projection and loss of the projected inven- 
tories for intervening periods between T and T'. 

We shall now give an example of the application of 
ROTATIONMOD.  The initial inventory is the SeaBee community in 
1976.  The other input data was obtained by comparing the 1976 EMR 
with the 1977 EMR.  For the first set of projections, the paygrade 
limits that were used at each of the five projection periods were 
simply the paygrade endstrengths in 1976.  The results of this 
initial projection are summarized in figures 25 and 26.  Figure 26 
shows a more detailed breakdown of the sea/shore distribution for 
paygrade group 3.  From figure 25 we see that the projected SeaBee 
community will sustain a loss of 1,134 personnel in this 5-year 
period.  By examining more detailed output (indicated here for 
paygrade group 3) for each paygrade we find that 947 of the losses 
will be from sea duty.  Suppose that it is desired to attain an 
overall force size of 9,700 within 3 years, with the new paygrade 
limits indicated in figure 27.  By using COMPTA, we obtain an 
estimate of 1,872 as the number of accessions needed per period 
over 3 years to attain the desired force level; this requires an 
increase of 268 per year.  Since most accessions come into paygrade 
group 1, this is where the additional 268 personnel would enter. 
Using CHANGE, the original accession array for this paygrade can be 
scaled by an appropriate factor so that the new accessions total is 
1,827.  There are clearly many other ways of increasing accessions, 
and each of these will have implications for the sea/shore process. 
The user must be aware of a variety of options. 

After accessions were changed, the inventory was again 
projected for 3 periods.  The rating totals for each of these 
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FIG. 25:  ORIGINAL SEABEE PROJECTIONS 
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TOTrtL   INVENTORY   FOR   PAYGRADE.  GROUP  -     3 
(0P5=1      12233445S667     7) 

DUTY TYPE: SErt SHORE NEUlKAL 

TM .= 0 334 967 1301 390 398 ■/88 1 1 2 
TM = 1 385 933 1318 388 414 803 2 3 5 
TM = 2 321 804 1125 372 36b 736 1 3 4 
TM = 3 382 926 1307 414 400 814 1 3 4 
TM = 4 399 922 1321 396 404 801 1 3 4 
TM ■= 5 387 913 1301 405 416 821 1 3 3 

FIG.   26:      ORIGINAL  SEABEE  PROJECTIONS   FOR  PAYGRADE   3 

Paygrade  Paygrades  

limits 1 2 3 4 5 6 7_ 

Old     '  3097    1882    2125    1642     703     185      83 

New       2645   1882   2325   1842    703    220     83 

FIG. 27:  NEW PAYGRADE LIMITS FOR SEABEES 
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periods are shown in figure 28.  At the third period, the 
projection is very close to the desired goal of 9,700. 

Time periods Rating totals 

0 10,264 
1 9,893 
2 9,674 
3 9,721 

FIG. 28:  SECOND PROJECTION OF SEABEE RATING USING 
ORIGINAL ENDSTRENGTHS AND ASSESSIONS 

In the next step the new paygrade limits were entered and the 
inventory was again projected to 3 years.  The result is shown in 
figure 29; the new paygrade limits have affected the rough 

Time periods Rating totals 

0 10,264 
1 9,893 
2 9,730 
3 9,840 

FIG. 29:  THIRD PROJECTION OF SEABEE RATING USING NEW 
ENDSTRENGTHS AND INCREASED ACCESSIONS 

estimates of continuation on which the COMPTA calculations are 
based.  Therefore it was necessary to reestimate needed accessions 
per period and project again.  The projection shown in figure 30 is 
the final result of two iterations of this process.  The projection 
was run twice in order to try to fill paygrade endstrengths in the 
lower paygrades 1 and 2.  However, we were not able to significant- 
ly improve the personnel distribution between these paygrades by 
period 3.  The reason is that eligibility limits for paygrade 1 did 
not allow a sufficient number of promotions into paygrade 2. 

In order to simplify the example, we have not taken into 
account the fact that entries into paygrade 1 must satisfy length 
of service requirements before becoming eligible for promotion. 
This would mean that an increase of promotions into paygrade 2 
might be delayed 1 or 2 periods. 

After having attained a desired endstrength and paygrade 
distribution at the end of period 3, a similar analysis can be 
used to stabilize this inventory profile over the remaining two 
periods if that is desired. 
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FIG. 30:  FINAL SEABEE PROJECTIONS 
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The next step in our example is to consider the sea/shore/ 
neutral distribution within paygrades.  For purposes of illustra- 
tion we shall focus on paygrade 3.  However, it is essential to 
note that alterations in the rotation pattern in any paygrade will 
affect the duty type distribution in higher paygrades because 
personnel who are promoted retain their PRD's, thus a significant 
number of promotions out of a paygrade can change the distribution 
of personnel in the next higher paygrade.  The paygrade 3 distribu- 
tion for the last projection is given in figure 31.  This shows a 
steadily increasing shore contingent.  Assume that it is desired to 
maintain a stable shore total of about 788 (i.e. keep the size of 
the shore component the same as it is initially).  Since the pay- 
grade endstrength has been increased, this will result in more 
personnel at sea. 
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TH = 0 334 967 1301 390 398 788 1 1 2 
S 
4 
3 
4 
4 

TM = 1 426 990 1416 417 429 846 2 4 

TM = 
TM = 

■2 
3 

427 
444 

1020 
1010 

1447 
1454 

424 
435 

448 
432 

872 
867 

1 
1 

3 
3 
3 
3 TM = 4 458 988 1447 430 445 875 1 

TM = 5 449 972 1421 442 458 900 1 

FIG. 31:  PAYGRADE 3 PROJECTIONS FOR SEABEES USING 
ORIGINAL NORMAL ROTATION PATTERN 

The size of the shore component at any time 
affected by two factors:  (i) the number of people 
from shore duty in period T - 1, and (ii) the numb 
will be coming to shore in period T.  Each of thes 
influenced by alterations in the rotation pattern, 
period 1 the table in figure 31 shows an increase 
shore.  Unless existing PRD's are changed, the onl 
this number is to send more rotating sea personnel 
Therefore, if neutral duty is to be kept small the 
can be done to normal rotation patterns that will 
of the shore component in period 1. 

T > 0 will be 
who are rotating 

er of people who 
e factors can be 

For example in 
of 58 people at 
y way to decrease 
to neutral. 

re is little that 
reduce the size 

At period 2 there is a projected increase of 84 personnel 
ashore.  Now, however, an alteration in the normal rotation pattern 
in period 0 can reduce this projected increase.  The normal sea to 
shore rotation pattern in period 0 is described below. 
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tour length 6    7     8    9     10 
(in quarters) 

percent rotated     ^^^   ^^^   ^39   ^^^   ^^^ 
to tour length 

FIG. 32:  INITIAL SEA TO SHORE ROTATION PATTERN 
■  ■ ■    ■  , m ■ ' 

Thus 89 percent of the rotating sea personnel are sent to shore for 
a tour length of 8 quarters; in all, 99 percent are sent to shore 
duty.  Using COMPTR with Tl = 0 and T2 = 2 we find that with the 
current rotation pattern approximately 3 of these people will 
rotate from shore in period 1.  This can be computed from the 
portion of the COMPTR output table shown in figure 33 using the 
above rotation pattern. 

Tour length 4 5 6 7 ... 20 
Sea to shore 199 140 89 43 ... 3 
Neutral to shore 1 1 0 0 ... 0 

FIG. 33:  OUTPUT OF COMPTR FOR Tl=0 and T2=2 

The entries which are not indicated are all zeros.  However, if all 
99 percent of the sea to shore rotating personnel are sent to a 
tour length of 7 quarters then there will be 

0.99 X 43 ~ 43 

people in this group who will rotate from shore in period 1 (see 
description of COMPTR in chapter IV); therefore in period 2 the 
shore size will be decreased by approximately 

43 - 3 = 40. 

When this alteration in normal rotation is made, and the 
inventory projected again using the new pattern, the results for 
paygrade 3 are shown in figure 34. 
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TOTAL   INVENTORY   FOR   PAYGRI'IDE:   GROUP   =     3 
<0P5 = 1     122334455667     7) 

nuTY TYPE: SEA SHORE NEL JTRAL 

TM   =  0 
TM   =   1 
TM   = .2 

334 
426 
427 

967 
990 

1060 

1301 
1416 
1487 

390 
491 
383 

398 
353 
447 

788 
844 
830 

1 
2 
1 

1     • 
4 
3 

3. 
5 

5 

TM   = '3 
TM   =   4 
TM   =   5 

444 
459 
461 

1014 
988 
960 

1457 
1447 
1421 

429 
430 
442 

433 
444 
458 

862 
875 
900 

1 
1 
1 

3 
3 
3 

3 
4 
4 

FIG .   34: PAYGRADE   3 PROJECTION FOR   SEABEES USING 
NEW   ROTATION   PATTERN   IN   PERIOD   0 

The   change   in  normal   rotation  has   resulted   in   a   smaller 
increase   (~32)   in   the   shore   size   in  period   2,   however   there   is   no 
substantial   effect   in   later  periods. 

A more extreme alteration in the normal rotation pattern at 
period 0 would have resulted in an even better result. For example 
if .92 ~ 84/89 of the sea-to-shore rotating personnel are sent to a 
tour length of 6 quarters, and the remainder are distributed over 7 
to 10 quarters then the new projection would have resulted in a 
shore total of 788 in period 2. The user of the model must decide 
what  alterations   in  rotation  are  acceptable. 

At  period   3   the  projected   shore   size   (figure   34)    is   74   above 
the  desired   level.      Using   COMPTR with   Tl   =   1   and   T2   =   3   we   obtain 
the output: 

Tour   length 4 5 6 7   .. , .   20 
Sea   to  shore 239 176 114 64   . . ,.      0 4 
Neutral   to   shore 0 0 0 0   .. ,.      0 0 

FIG.   35:      OUTPUT  OF   COMPTR WITH   Tl=l,   T2=3 

In  order   to  reduce   shore   size   to  788   in  period   3   it   is   not 
sufficient   to  send   everyone   rotating   from  sea-to-shore   in  period   1 
to  a   tour   length  of  7  quarters,   as   before,   since   this  would   result 
in  a  decrease  of  only 

(.99   X   64)   -   4     «     59 

people.  Therefore a reduction in shore size of 74 will require 
that a certain percentage of personnel rotate to a tour length of 6 
quarters at shore.  Another possibility is to reduce the number of 
people coming to shore in period 3.  This can be accomplished 
either by sending a larger percentage of rotating sea personnel to 
neutral or by extending sea tours.  However, in this example the 
sea tour lengths already average around 16 quarters, so an increase 
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here could have adverse effects on moral and ultimately on 
continuation.  In view of these considerations, the user may decide 
to solve his problem by decreasing shore tours at period 1. 

Assuming this is the case, we want to send a percentage x to 
6 quarters and a percentage y to 7 quarters in such a way that (see 
figure 35) 

114 X + 64y =74 

and 

X + y = .99 . 

The solution of this system of equations is 

X = 0.21, y = 0.78 . 

It is clear that there are many possible rotation patterns that 
will result in the desired decrease in shore size, the solution 
given here was motivated by a desire to keep neutral duty the same 
size (second equation) and reduce the shore tour as little as 
possible. 

Proceeding as above for each succeeding time period we arrive 
at the following sea to shore rotation pattern for periods T = 0, 
1, 2, 3: 

Tour length =67 
T = 0 0   .99 
T = 1 .21   .78 
T = 2 .31   .68 
T = 3 .79   .20 

FIG. 36:  ALTERED SEA TO SHORE ROTATION 

The inventory which is projected with the new rotation 
pattern is shown in figure 37.  Note from figure 36 that in period 

TOTAL   INVENTORY   FOR   RAYGRAnE   GROUP   =     3 
(0P5=1      122334455667     7) 

DUTY TYPE: SEA SHORE NEUTRAL 

TM = 0 334 967 1301 390 398 788 1       2 
TM =■ 1 426 990 1416 491 353 844 4       5 
TM = 2 427 ■1060 1487 505 323 827 3       5 
TM = 3 444 1084 1528 492 295 787 3       4 
TM = 4 459 1071 1530 519 263 782 3       4 
TM = 5 461 • 106B 1528 526 255 781 3       4 

FIG, . 37: PROJECTION FOR : PAYGRADE 3 OF THE SEABEES 
USING THE NEW NORMAL ROTATION PATTERN 
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3 a substantially greater percentage of the sea to shore rotating ■- 
personnel are sent to a short tour length than is the case in 
earlier periods.  The reason is that personnel sent to sea in 
period 0 are returning to shore in period 5, and therefore the 
alterations in rotation in period 3 must also compensate for this 
increased flow. 

In order to analyze the effects of the changes that have been 
made in rotation, the user can set 0P4-*—1, 5 and project the 
inventory to period 6 as previously described. 

The example given illustrates one aspect of the applicability 
of the model.  ROTATIONMOD can be used for a variety of analyses, 
and it is anticipated that specialized programs will be written to 
facilitate these applications.  We shall consider one more example. 
For a given rotation policy (including accessions, continuation and 
promotion) there are definite steady-state inventories for which 
that policy can be implemented.  Such an inventory can be scaled to 
any desired size, but the ratios between sea/shore/neutral totals 
will be determined by the rotation policy.  This fact must be taken 
into account in considering the following question:  how many shore 
billets are needed to support rotation when the number of sea 
billets is given?  In order to answer this, it is first necessary 
to find a steady-state inventory (computational methods for doing 
this are discussed in appendix A) with respect to the stated 
rotation policy.  This inventory can be scaled to give the desired 
number of sea personnel.  The corresponding size of the shore 
contingent will then determine how many shore billets must be 
bought to support the desired rotation. 
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APPENDIX A 

DESCRIPTION OF THE EXPANDED ROTATION MODEL 

The purpose of this appendix is to describe the theoretical 
basis for the expanded rotation model (ROTATIONMOD).  This will 
include a discussion of the simplifying assumptions which were 
used, and estimates of the error which these introduce into the 
model.  The final section deals with several applications of the 
model. 

DESCRIPTION OF THE MODEL 

Personnel movements in a rating or group of ratings are 
modeled as a network with flows.  Each node or "cell" in the 
network is characterized by four components (j, k, /, m), where j 
designates a paygrade group, k represents one of the duty types, ^^ 
is a length of service (LOS) category, and m represents the number 
of quarters until rotation to a new duty type.  The parameters K, L 
and M are the maximum values of j, / and m respectively.  Since any 
number of paygrades can be aggregated if desired, K is variable. 
Usually however K = V and the first three paygrades E-1, E-2 and 
E-3 are aggregated as paygrade group 1.  If length of service is 
measured in years then L = 31, and periods to rotation are measured 
in quarters; thus M = 20 corresponds to a maximum tour length of 
five years. 

There are three types of duty — 

(1) sea 
(2) shore 
(3) neutral 

Therefore the components of a cell are limited by the inequalities 

1 < j _< K 
1 j< k < 3 

(1) 1 < -^ < L 
1 <_ m £ M  . 

We use N^(0;j,k,/,m) to denote the total number of personnel 
in cell (j, k, i,  m) at the beginning of period t (i.e. all 
personnel who have the characteristics specified by the 

coordinates).  For convience we also define N (0;j,k,i,m) = 0 
whenever one of the coordinates lies outside the range specified in 
(1) . 

A-1 



The only possible flows out of a node are those defined 
below: 

(j,k,/,m)  ». (j, k, i+1, ra-4) if m > 4 
(2)        (j,k,i,m)  ► (j + 1, k, ^+1, m-4) if m > 4 

(j,k,i,ni)  ► (j, k' , /+1, m') if m < 4 
(j,k,i,m)  ► (j+1, k', /+1, m') if m < 4  . 

These flows model the several types of personnel movements.  When 
an individuals' projected rotation date (PRD) to another duty type 
is larger than four quarters, he normally remains in the same duty 
type until next period, but his PRD is decreased by four, and his 
LOS is increased by one.  The first two expressions represent this 
type of flow.  In the second expression the individual has been 
promoted to the next higher paygrade.  In (2) k' ^  k  and the 
flows involving k' represent actual changes in duty type.  As 
before, flows of the form (j, ., ., .)—►(j + l, ., ., .) represent 
promotions into the next higher paygrade.  These restricted flows 
are based on certain assumptions concerning the personnel process; 
for instance, that an individuals' tour length is not altered once 
he has been assigned to a duty type.  This is not strictly true, 
and in some ratings a substantial portion of the inventory 
experience alterations in tour lengths.  At a later stage, we will 
introduce procedures for altering this "normal" rotation pattern. 
Another assumption that is implied by (2) is that no one is 
promoted more than one paygrade per period.  This is essentially 
true.  Finally relations (2) imply that an individual who is 
promoted will remain in the same (k, /, m)-th cell; that is, time 
remaining in duty type is not affected by promotion. 

In addition to the flows which have been described thus far, 
there are flows into and out of the network which represent posi- 
tive or negative accessions.   Positive accessions are personnel 
added to the rating--either new enlistees or lateral transfers; 
negative accessions are losses to the inventory due to factors such 
as a lateral transfer out of the rating.  Also, school candidates 
are not part of the distributable inventory.  This can be modeled 
by considering them as negative accessions to the rating when they 
go into school, and positive accessions when they finish school and 
are again counted as distributable.  We use the notation 

A (j,k,^,m) to represent total accessions to cell (j,k,i,m), i.e. 
the difference between positive and negative accessions. 

The inventory at the beginning of period t+1 is given by the 
equations 

N   (0;j,k,i,ra)  =  A (j,k,/,m) + (inflows from promo- 
tions and rotation 
in period t). 
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We shall describe the second term in this relation more precisely; 
the exact form which it takes will depend upon attrition, promo- 
tions and rotation policies.  Attrition in period t is modeled 

by an L - component vector 7.,      for each paygrade j and duty type k. 
— x^     !] K 

The ^-th component y.,      is the fraction of personnel in the 

(j/k,i')-th cell who remain in the Navy throughout period t.  It is 
then assumed that 

(3) N*^(l;j,k,i,m)  = 7^^^   .   N^( 0; j ,k, i,m) 

is the percentage of the (j,k,/,m)-th cell which remains in the 
Navy throughout the t-th period. 

Promotions are modeled in a similar fashion by L-component 

vectors ^-i^; and it is assumed that 

^jj^ . N^(l;j,k,i,m) 

of the survivors in cell (j,k,^,m) are promoted.  Thus this cell 
contains 

(4) N^(2;j,k,i,m) = (1-e^jki) * N^( 1; j ,k, i,m) 

personnel after promotions. 

The promotion vectors are "adjusted" each period to 
reflect changes in accessions, continuation or endstrength 
requirements.  This adjustment essentially consists of scaling 
fixed input vectors Q., of historical promotion probabilities. 

The components of Q., are historical promotion probabilities 

averaged over past periods.  Since there are definite requirements, 
such as length in service and test passing, that must be satisfied 
before an individual is eligible for promotion, not everyone in a 
paygrade or LOS category can be promoted.  The percentage of 
individuals in each LOS who are eligible for promotion are 
described by L-component vectors «., in which the i-th component 

— ] K 
«., /; is the fraction of the (j,k,/)-th cell which is eligible to 

be promoted.  Thus at each period t we must have 

The explicit determination of P., proceeds as follows.  First 
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the available positions in paygrade j+1 are computed by the 
equation 

^^l = "^^^(0' ^j+i - Sj+i + p?+i - ^^i) 

where E. is the desired paygrade endstrength in period t, S. is 
-' t the total surviving inventory, P. is the total number of promotions 

out of paygrade j (P^ = 0), and A. is the total accessions to 
_ 3 

paygrade j.  Now let the vector 5., be defined component-wise by 

6jj^. = min(Qjj^^ , Cjj^^) for each jl,   and set 

P A = W ^^vD    ? N^(l;j,k,i,m). j " k,i *jk^  m 

We consider two cases: 

Case 1.    P. > °^A^i   ' 

In this case it is necessary to promote fewer people than the 

"normal" promotion vectors 8 •,, specify.  Therefore we define o ., by 3K JK 

^jk ^''•^jk ' "^^^^ " =  "j + l/Pj 

Case 2.     P. _< «-; + n • 

In this case we must promote more people than the normal 

promotion vectors 8 ., specify.  We therefore define Q ., as a 

weighted average of 8-, and ^^■^^ 

(5) Qjk " ^^""^^'^jk "^ ""^jk   0 < 0) < 1 

where uj is determined so that the expression 

(6) a\^,   - E  P^   E N^(l;j,k,i,m) 
^ + -^   k,/  ^jki  m 

is minimized.  Substituting (5) in (6), we find that this 
expression is minimized when 
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(7) 

0 ^ if ^.^  = 6..^   for 

all k 

minll,  -^^; -i ==,—-iv  / otherwise. 

k?i^*jkr^jki^¥ N^l;j,kJ,m) 

Hence we t define Q.j^ by equations (5) and (7) 

The rationale for modeling promotion behavior this way is to 
attempt to capture persistent promotion characteristics of the 
rating as they are reflected in the average historical promotions 
and at the same time respond to changes in accessions, continuation 
and endstrength requirements.  There are clearly other ways to 
adjust promotions to meet these requirements, and these alterations 
could be developed if desired. 

We shall now turn to the description of normal rotation. 
There are six rotation types: 

sea to shore 
sea to neutral 
shore to sea 
shore to neutral 
neutral to sea 
neutral to shore. 

It is convient to denote these rotation types by a 2-component 
vector ^ = Ylr ^2  where 

(8)        1 < ^1 ' «^2 - ^ ^^^ ^1+ ^2 

(e.g. <^ = 2,3 represents shore to neutral rotation).  The rotation 
pattern for each paygrade j and rotation type ^ in period t is 

defined an M-component vector ftj^,   where the m-th component is 

the percentage of personnel following rotation type <f>  who are sent 
to a tour length of m quarters.  That is, for each LOS £ 

personnel are sent to duty-type <f>2  for a tour length of m quar- 
ters.  We have assumed that this percentage is independent of the 
LOS category £.     This allows the user to send individuals to tours 
of varying length in order to obtain a more uniform personnel 
distribution between sea, shore and neutral duty.  The only 
theoretical restrictions on these rotation vectors is that all 
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individuals in cells (j,k,/,l) must rotate to a new duty type, 
i.e., for each a is 1 < k < 3 

4 
The input required to generate the period t+1 inventory from 

period t inventory is the set of vectors Y-^,   Q-,,, e.,    and u. » for JK JK JK Jip 
all indices in the ranges defined by (1) and (8).  If we define any 
of these vectors to be zero if one of the indices does not satisfy 

conditions (1) or (8), then N   (0;j,k,i,m) is given by 

(9) N^^-^(0;j,k,i,m) = A^(j,k,i,m) + N^( 2 ; j ,k,^-l,m+4) 

+ Qj-ik  N^(2;j-l,k,/-l,m+4) 

4 

<p^        p=l   -" T*    ^ 

+ e^_i 6'  N^(l;j-l,^wi-l,p)] 

The process described in equation (9) represents personnel 
flows subject to normal rotation.  However, as remarked earlier, 
there are ratings in which a significant portion of the inventory 
does not rotate normally.  Factors such as operational holds, 
humanitarian considerations, and leave taken between tour 
assignments cause changes in individual PRD's.  In order to 
account for this, early and late rotation behavior has been 
modeled.  The user has the option to consider early and late 
rotation or not. 

Late rotation for each paygrade j is modeled as a "shift" in 
the period t inventory before projection to period t+1 is begun. 

Late rotation vectors /., of M components are specified so that the 
t     3'^        ~ 

m-th component/.,  is the percentage of the inventory who would 

normally rotate in period t but are re-assigned to a new PRD of m 

quarters instead.  That is, for m> 4, N (0;j,k,j^,m) is replaced by 
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4   . 
N^{0;j,k,i,m) +X^j^ • E N^(0;j,kj,n)  ; 

-"    n=l 

and then Nt(0;j,k,/,m), for m = 1,2,3,4, is replaced by 

n  -^ 

The new values of Nt(0;j,k,i,m) obtained by this shift represent 
the effect of late rotation. 

Early rotation for each paygrade; is modeled by a 6-component 
t t vector a . , in which the n-th component a   i^   is the percentage of 

the inventory V J^^  N (0; j ,<^j^, jt,m) that will rotate early to duty 

type ^2•  We assume that the early rotating individuals are 
distributed equally in cells {j,^,^,m) for m = 1,2,3,4. 
Therefore each of these cells contains 

Ni(0;j,<^, ,i,m) = ^ aU *  ?  ^  N^( 0 ; j ,«^, ,i,m) 

early rotators who will rotate to duty type <f>2'     We must then 
shift the normally rotating inventory by replacing 

N^(0;j,^^,i,m) , for m>4, by d-ajj^) N^( 0 ; j ,^3^, i,m) . 

We assume that the early rotators Ni (0',j,^^,£,m) 
(m=l,2,3,4) will be assigned to tour lengths determined by the 

normal rotation vectors fJ-j.,   but since all of these people are 

rotating to duty type ^2' "^ apP^Y to them a "normalized" normal 
rotation pattern 

to determine the percentage who are sent to each tour length. 

The inventory is decomposed into early rotating components 
and a shifted portion (excluding early rotators) which is subject 
to the normal rotation process; let SNt(0;j,k,£,m) denote the 
number of personnel in cell (j,k,i',m) of this portion of the 
inventory.  Then the transformation equation becomes 

(9')       N^"^-^(0;j,k,i,m) = A^(j,k,/,m) + SN*^( 2 ; j ,k ,/-l ,m+4 ) 
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+ ?j_i j;SN^(l;j-l,k,^-l,in+4) 

-^  ^   E  /^j0n.+pfSN'(2;j,0^,/-l,p) 
0    p= i    -^^ 

+ ^j-10* SN*'(l;j-l,0^,i-l,p)] 

4 
+  E   E^ Mj0m+pfN^2;j,0^J-l,p) 

+ ej-10' N^(l;j-l,0-L,M,p)] . 

The last summation vanishes if early rotation is not considered, 
and (9') reduces to (9) if neither early or late rotation is 
considered.  Equation (9') can be summarized by the following 
steps: 

shift inventory for late rotation 
shift for early rotation, form early rotating 
components 
determine attrition 
determine promotion 
rotate 
add accessions . 

In ROTATIONMOD these steps are accomplished by the PROJECT 
function, which does not use equation (9') directly.  For each 
paygrade the inventory cells are grouped into a 3 x L x M array ; 
then the computations can be done by simple APL operations on 
arrays. 

ACCURACY OF THE MODEL 

The model has been tested on several ratings.  The table 
below shows the percent error between projections and historical 
results from the enlisted master record (EMR).  For each rating the 
1977 inventory was projected from the actual 1976 inventory using 
1976/1977 historical continuation, accessions, and rotation data 
with 1977 endstrengths.  Then the ratio of the number of 
individuals in the projection who are in the wrong duty type 
divided by the paygrade total was computed. 
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 Paygrades  
Ratings 1,2,3     4     5     6     7     8     9 
AQ 0.0      0.8    0.2    0.9    4.7    4.8 
MS 0.8      2.1    0.1    0.2    0.4    1.5    0.1 
SeaBees 0.4      0.6    1.7    1.3    1.3    2.2    0.0 

FIG. A-1:  PERCENT ERROR IN ONE YEAR PROJECTIONS 

Most of the differences are approximately one percent with 
the exception of the E-7's and E-8's of the AQ community (there are 
not E-9's in the AQ rating) two very small groups.  However, the 
absolute differences in the projected sea/shore distribution for 
and the actual distribution these two paygrades are 10 and 5 
respectively. 

APPLICATIONS OF THE MODEL 

In this section we describe some ways in which the model can 
be used; most of these have already been implemented in 
ROTATIONMOD. 

Let us fix j, k and two time periods tj < t2i   further let 
*^, 0' , be the pair of rotation types such that 0'2 = 02'" ^' 
If A represents the total number of personnel who are scheduled to 
rotate from duty type k in period t2-l, then any factor which 
influences A also affects the size of duty type k in period t2. 
Holding all other variables constant, A depends on how many 
individuals are sent to duty type k in period tj.  That is, 

A = A^ + A^i + (other terms) , 

where A^ = A^(/^. .) is the number of individuals in paygrade; who 

rotated from duty type 0^ in period t^, and at t2-l have a 
PRD <   4.  Let A0(m) be the value of A<^if all these 
individuals were sent to a tour length of m quarters.  Then if 

^2 _ 
^j<t>   " ^^1 '• • •' '^M^ p 

the linearity in (9') implies 

M 

(^0)       ^0=1; ^m^*^"^)- m=l 
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The user may solve this equation for values of r^  which will 
produce a desired value of AA; the only restriction being that 
0 £ rjii _< 1.  For instance, if a projection with a given rotation 
pattern yields too many people in duty type k at period t2, the 
user could determine values for r^^ in (10) which would increase 
^<j).  The program COMPTR computes the coefficients A. (m) and 
A(j,' (m) (1 < m < M) . ^ 

The other terms in A come from promotions into paygrade j in 
time periods between tj and t2-l.  If these predominate, then 
adjustments in (10) may have little effect on duty type distribu- 
tions. 

If we let N^ be the vector whose components are 
N*^(0; j ,k,/,m) , for all j,k,^,m, ordered in some fixed way, and 
A^ a vector with components A^(j,k,£,m), then equation (9') can 
be expressed more compactly by 

(11)        N^"^^ = ®^(N^) + A^, 

where 0^ is an operator which has the decomposition 

0^ = R^ • P^ • C^ 

and C^ represents attrition, pt represents promotions and R^ 
the operation of rotation.  Clearly R^ and C^ are linear 
operators, while P^ is not since it depends on the magnitude of 
N^.  Let n^ be the sum of the components of N^ and let a^ 
be the sum of the components of A^.  Then if we define 

t+1  t 
/jt _ n  -a 

we can write 

(11')       n^"^^ = 0^ . n^ + a^ . 

Thus Q^   is the percent of the period t total inventory who remain 
in the Navy throughout period t.  If the sequence of accessions 
|a^[ is changed, then (11') will give estimates of the resulting 
total inventory; these will not be exact because the overall 
continuation rates Q^  are dependent on inventory size.  Suppose 
that we have constant total accessions a, then (11') gives 

t   o n  = n 
t   .        t    t  . 
n ^' + a(i+^ ( n d^)) 
j=l        j=2 i=j 
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If we want to determine a so that the inventory at period t is a 
given size n, then the above equation implies 

n - n° n 9^ 
(12) a =  ^ i|i  

j=i i=: 

A new projection based on total accessions a will produce a new 

total inventory sequence n,; and the process can be repeated 

with the new values of Q    determined by n, if n,-n is not 

sufficiently small.  The function COMPTA is based on equation (12) 
and is intended to be applied iteratively. 

As a final application consider the steady-state case 

(13) N = ®N+A. 

Suppose that ®  and A are given.  Then it is easy to see that (13) 
has a solution N and that N is unique up to a scalar multiple, for 
if m > 0, 

N = ®"^N + ®^~^A  +. . .+ ®A + A. 

But        0 N = 0 if m > L; so in particular 

L   . 
N = ( Y: 0^A. 

i=0 

As a consequence we see that for the steady-state inventory N, 
ratios between paygrade endstrengths and ratios between duty types 
are completely determined by |g| and A.  Thus the steady-state 
inventory is very strongly structured; in particular if a specific 
level of sea manning is desired, then the corresponding size of the 
shore component is determined by these ratios. 

For practical purposes the steady-state inventory can be 
determined inductively from equation (9').  That is, clearly 

N(0;j,k,/,m) =  A(j,k,^,m), for all j,k. m, 

Now suppose that all N(0;j,k,/,m) have been determined for i < /', 
then the quantities N(0;j,k,/',m) can be obtained by solving 
equation (9').  A computer program to do this could be written 
without much difficulty. 
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APPENDIX B 

PROGRAM LISTING AND FLOW CHARTS 

This section contains a listing of all programs (including 
calling functions) in ROTATIONMOD.  Most of these programs are 
short and are not as compactly written as they could be.  Conse- 
quently, they should not be difficult to decipher.  Therefore, flow 
diagrams accompany only those programs which are relatively long or 
have a fairly complicated logical structure. 

User-oriented functions are listed first in alphabetical 
order.  Then the system functions are listed, also alphabetically. 
When a function consists of several modules stored in the MOD file, 
the listing begins with the calling function and then each module 
is listed, the order being determined by the MOD file component in 
which it is stored. 
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V ADJPROB T 
C13 DFXBC24D'M0D' 
1:23 AIUPROBB T 
C33 DEX'ADJPROBB' 

'■y f-) D ^.1 !••■ R 0 B B T V K ? A B j I"' R Q B p P. C) M ii cw A i: i„ s i„ Q j s 5 A c c; i;;: s s :i: 0 N s; A 5 
c; H ? c; 0 N T' IN u n T10 N Ti: N M i;;: N i' o R Y 5 i- G 1... i: M 51--' is n M n j i n N H S 
F-'ROfiSUMiiTT 

:i. ::i      r r i- (< 0 p 41:2 :i •■■■ :i.) x 0 p 41: :i. :i) -i- (:i. ■■•• 0 p 41: ;i.:]) >; j 
2:1 0   CHECK (;l.-fQP:l. ) vTT 
21 •■KCH""0)/0 
4:1 K-i"!;i ^ ' 
5::!   ATTRITION npl i-Ki-TT 
6::i REABFILE   DPI, v 9 :. K ? TT 
7::!        RE A DP ILE   OPl v 2 y K >^ TT+;I. 
8:! A U AI!... S I... Q T S •!■• 0!" P G I... IM •••• ( f / f / f /:!: N K> E. N T 01-^ Y ) •{■ f / f / f / 

ACCESSIONS 
ACCESS IONSMNVENTOR Y<-0 

::i i...P3K-!"K--:i. 
::i  ATTRITION OP:!, vKvTT 
::i    FF-F' 

:!      PROMSUMv-"(/f/f/INMENTORYx (3?l.„yfc;i) f> ( (iKi ( M ?1,„) f> 
ABjpF^0Bpp0Mi:: :i. ? 1) V i:: ;i. ::ii^i<fjs>,i,„ > f>ADji--'F^;OBF'!■■;oMi:2 ? 1) i^ i: :i. :;iK>< 
MvL) f>ABJPROBPROM 1:35:1 

;!  READFILE DPI v 9 » K y TT 
RE A DP 11. E OP;l. !'2vKi.TTi:l. 

:i    A V A11... s i... 0 T s i" 01" p G I... :i: M •■(• p p o M S U M ■■•• < -f / f /1 /-■ i N M F: N T O R Y > -i- f / -f / 
■f/ACCESS IONS 

:i      WRITEFI1...E   OPl •^lOyKi'TT 
;i      ACCESSIONSi-INyENTORY-(-PF^OMOTIONS-i-0 
]      ■■MK;i;2)/LP 
:i    ■■K0P4F::!. :!:::^:i, )/SKIP 
:i      :l.   CFlECKCF-fOPl ) i-TT 

:i   SKIPJ (OPIi-OFILEALT   TT 

::!. 4: 
: 1,5: 
::i.6; 

\: 15 :i 
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ADJUST 
AS 

DETERMINED 
BY0P4 

( START j 

CALL CHECK 

DETERMINE 4 
FILE DATA 
ALTERED 

RETURN 

ATTRITION FOR 
PAYGRADE K 

I 
READ LIMITS 

AND ACCESSIONS 
TO PAYGRADE K 

COMPUTE 
AVAILABLE POSITIONS 

INPAYGRADE K 

1 
>D0 FOR EACH      / 
PAYGRADE K < KN 

ATTRITION 

CALL FFF 

COMPUTE 
ADJUSTED PROMOTION 

PORBABILITIES 

RETURN 

COMPUTE PROMOTIONS 
OUT OF PAYGRADE 

READ LIMITS 
AND ACCESSIONS 

TO PAYGRADE 

COMPUTE 
AVAILABLE POSITIONS 

IN PAYGRADE 

STORE ADJUSTED 
PROBABILITIES 

IN FILE 

END LOOP 

CALL CHECK 

AUGMENT 
CHECK 

VECTOR 

RETURN 

ERROR 
MESSAGE 

( END ) 
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i:;2::i 
i:: 3 :i 
i: 4 ::i 
i: 5 :i 
i::6:] 
i: 7 ::i 
i;:9::i 

.0 
i: :l. 
i:: :i, 2 

•0'   CHANGE XvAJDTvBRyZ 
A <■ 15 2 6«' ' B :i: l.„ I... E T 8 F' A Y i3 R A D E 
i... :i; M :i; T S       P R Q M Q T i o N I"- R O B A B :I: I... ;I: r :i: E S 

i;:: i... r G i: B I... f:: i--' R o B A B :I: I... :I: T :I: E; S  C O N T :I: N U A r ;i; o N 
EARLY RDTAT:n:)N NORMAL ROTATiliDN 

LATE RGTAT3:0N ACCESSIONS 
Ai:ijusTEI) I"'R0BABi:i„, IT:i:i;;:s   :i:WEMTOr^iY 

SUMMARY PROMOTIONS 
SURVIVING INVENTORY 

PREPARED INVENTORY 
DT'i-:l. 

LOOP ? ■■> ( 26^^^^f/ ( X V ( 26-PX ) p ' ' ) ^^^^AIIDT y 1 ) /OUT 
DT'(-DT{:l. 
■KDT:i;:l.5)/L00P 
••>(DT;::16)/ERR - 

OUT?' S F' E CIF- Y DATA C 0 M P A R T M E N T < 0 0 R   1) ' 
z-!-i::i 
i:iEXii3i::39iDT::i 'MOD' 
CHANGEE Z 
OEX ' CFI ANGLE ' 
■•>0 

E F^ R t ' IN C 0 R r^ E C T B A T A T Y F' E ' 
V 

i:i3 
L21 
L31 
LAI 

L61 
L71 
LQl 
c:9i 
LIO 
i:ii 
L12. 
L13 
i:i4 
CIS 
C16 
L17 

'   CHANGEE XyA?BR5I5JyPGLIMyTM 
HEADER 5 
->(BR:^^:1)/END 
'ENTER A VECTOR ALTERNATING' 
'PAYGRAIiES AND NEW PAYGRADE LIMITS' 
MQ 
J<1 

LOOPltIM 
L00P2JREADFILE   Xi.2y AH <2x I) -13 .TMC ja 

PGLIM<AL-2xI3 
URITEFILE   Xy2yAi:(2xI)-lJyTMi:J3 
•>( (<pA)">-2):iIMfl)/L00P2 
(XyO)FILEALT   JHLJl 
••>(TM[:J3iO)/CONT 
(XyO)FILEALT   TMCJD-l 

CONT:J<-Jfl 
•KJ:ipTM)/LOOPl 

END:->O 
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V CHANGEE X?AJEyDUfIJCONTINUrtTIONJVJZ 
L-1.1  LOOPIJ-ENTER AS A NUMERIC VECTORJ PAYGRADE^ TIME 

PERIOD' 
C23   Z(-n 
Z33     L00P2:HEADER 2 
CA3        ".»(BR::::1)/END 
L"53   READFILE X,5,ZL11 yZC21 
£61        'ENTER CHANGES IN CONTINUATION AS A NUMERIC 

VECTOR WHOSE COMPONENTS' 
C/'J   'ARE ALTERNATLY LOS AND NEW LOS VALUE' 
CBl        V<D 

ClOl   L00P3JC0NTINUATI0Ni:VL(2xI) nJDU:]^ yC2xID 
C11 3  -K ( ( r V ) •V.2 ; c: I i-1 f 1 ) /L00P3 
11123  WRITEFILE X,5r ZCID ,ZC2J 
C131      (X^DFILEALT Zi:23 
i:i4:  'DO YOU WANT TO CHANGE CONTINUATION IN ANOTHER' 
CIS:  Df'DUTY TYPE? ' 
Z163      ■•K3;«pBMJ.iD)/C0NT 
r.l72     "MS^H/B-'YES')/L00P2 
f-lBl   CONTJ'DO YOU WANT TO CHANGE CONTINUATION IN 

ANOTHER' 
r.l91     civ 'PAYGRADE OR TIME PERIOD? ' 
L.201      •J<3;^PB<-25*D)/0 
C213  •K3^M/B-'YES')/LOOPl 
L221   END:-JO 
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« 

i: 3 :i 

I.. D J 
i::6::i 

V CHANGEE X?AfB?EROT?I?V?Z 
i::;i.:] M-6  :i.6»>'3Ei*i TO SHORE  SEA TO NEUTRAL SHORE TO 

SEA    SHORE to NEUTRALNEUTRAL TO SEA  NEUTRAL 
TO SHORE' 

i;:2:i LOOPI5'ENTER AS A NUMERIC SECTOR? PAYGRADEI'TIME 
PERIOD' 
IAD 
READFILE   X >■ 6 v Z i: :l. Il >■ Zi: 2 II *' 

'ENTER CHANGES IN EARLY ROTATION >■ IF NO CHANGE 
TYPE -H:;' 

Loopsi:H-Ai::i<-if:i.?::i.' t   • 
ERR5V-i-:l.i;UH 

■•i>(2=^)/Vo; '■■>€,• )/STEP ' -■    '    r - 
■n (f> f *M)"":L )/C0NT 
' IN c 0 R R i;: c; T i:;: N T R Y . r R Y A o A i N ' 

■•5>ERR 
coNTJEROTi:i::M-*y 
STEP 5-KA:^-1)/LOOP 
WRITEFILE Xv6yZi:;:i.:iyZi::2:i 
ex 1-1) FILE ALT zi;:2:;i 
'DO YOU WANT TO CHANGE NORMAL ROTATION IN 
ANOTHER' 

[: 18 ::i IIM- ' !"■ A Y o R A D I:;: O R T I M I;;: P E I-^ I O D ?  ■ 
i::i9::i ■■H3^^pBi-25iB)/o 
i:: 2 0 :i    -^ (3 ^--^ -i- / E ■■■■■■■■' Y E S ') /1... 0 0 !"■ :i. 
i::2i::i ENDJ-K) 

i::22::i ■■K6>I)/LOOP 

1:: 
1: 
1:: 
1: 
1" 

71 

?:\ 
1.0: 
1 1 •' 

i: 
1:: 
1:: 
1:: 
1:: 
1:: 

1.2:; 
133 
1.4: 
1.5:1 
1.611 
i.7;:i 
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V   CHANGEE X?B?]:JV?RT?NROTfZ 
i: :i.;]    I...Q0!"■ :i. t' E:N rEIS AS A NUMERIC VECTOR t PA YGRAIJE: >■ T 

PERIOD' *- 
i;:2:i  z^-o 
i::3::i  HEADER ? 
i:;4:i     H>(DR:::::|, )/END . 
i::5;i  READFILE Xy7,ZI::I::II.21:2:1 
1:6:1   'ENTER CHANGES IN   NORMAL ROTATION AS A NOME 

U E: C T 0 R W H 0 S E   C 0 M I-" 0 N E N T S ' 
E7:i   'ARE AL TERN ATI... Y TOUR LENGTH AND NEW TOUR I...E 

VALUE' 

0 01"' 2 j N IS 0 T [: fi r ^ V [: (2 X i) ■ •■ i :i :\ i- v i: 2 x 1 
■H (. (f>V)-^-2);i:I<-If:!. )/L00P2 
WRITEFILE Xy7yZE;l.:iyZE2:i 
(XyJ.) FILE ALT ZE2:i 
'DO YOU WANT TO CHANGE NORMAL I 
ANOTHER' 

: 15 :i  III 4- ' F' A Y G R A D E: 0 R T':[ M E: I"' E R10 D ? ' 
L6:i  ■•K3*f>B<-25-H:i)/0 
:L7:i  •>(3^::^f/B^:^:'YES' )/LOOP:l. 
S:i ENDJ-K) 

:J ..I 

?:i 
1.0 
1.1 

1.3 
1.4 

I ME 

RIC 

NGTI 

■ROTATION   IN 

V 
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V CHANGEE X f A ? Bf DU? I f I...ROT ? V ? Z 
i: i. :;i i...ooF':i.: ■ i;;;NT EFS AS A NUME:RIC yECTOR i  pAY(^RADE , r :i:hE 

PERIOD' 
i::2::! n-a 
131      1...00P2; HEADER 2 
[:4::i  ■*(BR^-:!. >/END 

[:5::i  READF-'ILE X!'8yZi:::i.:;ivZC2:;! 
i:6::i  'ENTER CFIANGES IN LATE ROTATION AS A NUMERIC 

M E C J 0 R   W H 0 S E   C 0 M l^-' 0 N E N T S ' 

1:7:1   'ARE ALTERNATEY TOUR LENGTH AND NEW TOUR LENGTH 
MAI...UE ' 

8:i  y-f-o 
9:i  i-M 

: :i. 0 :i I... 0 0 p 311... R 0 j 1: D U ? U I: (2 X J: ) -1 :i :i -i- v i;: 2 x :i: 3 
: 11 :i •■>((( i' y > -^2):;: i <■■ i -f 1) /LOQR3 
;i2:i wRiTEEiLE Xvsv zi: 1 :i fzi::2:i 

:;i.3:i cx-i)'FILE ALT zi:2:i 

;i4:i  'DO YOU WANT TO CHANGE LATE ROTATION IN ANOTHER' 
i::i.5:i m- 'DUTY TYPE? ' 
I6:i  ••M3-^^rB^-Ilil!l)/C0NT 
17:1  ■•M3^^^^i/B^^::'YES' )/L00P2 
;l. 8 :i C 0 N T 3 ' D 0 Y 0 U WAN T T 0 C H A N Ci E   L A T E   R 0 T A T' 10 N 1N 

ANOTHER' 
i: 19 :i i:i *■■■' p A Y G R A D E O R T I M E P E R J. O D 'i' ' 
>:20:i  ■■K3^>--B<-2;'5 4l!l)/0 
1:21:1  ••i>(3--f/D^^^^'YES' )/LOOP:l, 
1:22:1 END3-H) 
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i;:2::i 
i: 3 :J 
i::4;:i 

i::6j 

i:: 7 ::i 

B:;I 
9::i 

V CHANGEE XJAfACCESSIONSfDU;I»JJPG»TM?BJCJD?E 
HEADER 4 
■XBR-^l )/END 
HEADER 5 
■•KBR™:l. )/END 
'ACCESSION CHANGES CAN DE MADE BY SCAI.. JNC THE 
CURRENT' 
'ACCESSIONS ARRAY).OR BY REFH..AC:I:NG A DUTY TYPE 
MATRIX WITH A NEW ONE' 
'ENTER CHANGE IN ACCESSIONS (POSITIi>^E OR NEGATIVE) 
OR ' 5L? ' X ' ii^i '    ACCESSIONS MATRIX' 

A<-i::i 

:i.o;:i Loopii. n:<-;i, 
:i.;i.::i i...ooF'21READI--II...E: x*9f pQI:i::i, rMt:j::i 
j,2:i      -K(f>(>A)^"2)/MATRIX 
:i. 3 ::i    A c c E: S S I O N S+<■• (3» LM v ixi > *• B \ ici \. E: X A -r+/E. <■■ (ij <•■ c > o > / c <- ( B <-» 

ACCESS I ONSwiO)/j ACCESS IONS 
i";i, 4:i     -^cnNT 
ri51   MATRIX JHEAni-'R   ? 
i:'1.A-|      -KBR^I V/FNTi 
i:::i.7n    ArrFssioNsrniu ?:H-A 

rtSl   CONTJWRTTEFTI F   X» 9 jPOm , TMI". I"l 
r:i9::i    ACCESS IONS <-o 
i::2o:i    I<-T+I 
r2i "I     ••»(■ r^if-pf-n/I nop? 
ro'?!       Cy»0>FT! I-AI T    TMI"   i"l 
!"':>"•*;"I       cy, 1 >(.-■•|| (.7^1 y   jMf.ri 
r24:i      H" I+1 
i::25:i    -K i<f>TM>/i nnp:! 
r2A:i FNnt-M:> 

B-9 



V COMPTA 
i:i:] []Fxii3i:5i:3'MOLr 
1:23 COMPTAA 
C33 aEX'COMPTAA' 

i::3::i 

1:: 4 ::i 
1:5:1 
1:6:1 
1:7;:! 
i:a:i 
1:9:1 

COMPTA A 5 A 5 ACCESSIONS 5 IJ INVENTORY ? OPS 5 SUMMAF^Y 505X5 

'ENTER DESIRED INVENTORY SIZE' 
Xvi:i 
'ENTER TIME PERIOD AT WHICH DESIRED INVENTORY IS 
TO BE ATTAINED' 
X^-XH:I 
■K < Xr:2:i i-1 > > p ci-1<■■ BI: (:i.+oi-'i) x21-;i::i • F- I 1...t:3') /1::xi r 1 
■■> (0<\/((.x 1:2 :i f 1.) i> 1 > :■■■■■■ (X r 2 :i f :i.) t c i-i) / E X I 1':' 
0P5<-;i. vis; 

no 
1: i.o:i I.. 

1.1 :i 
00P:n0P6   GROUP   OPi :i. VI 

3:1 
;i.4:i  I. 

■::> ..I 

6:1 
7:1 
8:1 

1: :l, 9 :i 
1:20:] 
1:21:1 
1:22:1 1; 
1:23:1 
1:24:1 
1:25:1 i; 

->(:i>0)/I...AB 
IN y E N r 0 R Y ^- S U M M A R Y i: 2 :i 
A^-SUMMARY 1:5:1 

. A B ? l.) •!•• U f (. S 1,1 M M A R Y Z 71 ■■■■ A ) v- S 0 M M A R Y I" ? 1 
I 'i-1 f 1 '      ,^ 
••><I;i;Xi:2:i":l. )/I...OOP:l, 
A C C F: S S 10 N S <■• ( X1:11 ■■■■ IN U E N T 0 R Y x x / (J > •:• J. -f + / x \.;;. UI) 
'ESTIMATED ASSESSIONS PER PERIOD FOR PERIODS 0 
THROUGH ' PXC:2:i-:l, 5 ' t ' 

ACCESSIONS 
■H) 

:xrn.j'IN ORDER TO USE COMPTA THE INVENTORY MUST' 
'BE PROJECTED TO AT LEAST PERIOD '5Xr21 

■H) 

:xrr2:S 'INPUT DATA AFFECTING THIS COMPUTATION HAS 
BEEN ' 

' A I... T1:: R E: D S :I: N C F: I . A S T P R O J E C T :i: o N • 
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V COMPTR 
i:::i.:] [:iFXii;ii::5o::i 'MOD 
i::2:] COMI"-TRF^ 
i::3::i OEX'COMPTRF^' 

% 

L"1D 

1:23 

C33 

C43 
1:53 
1163 
C73 
C8D 
1:93 
C103 
C113 
C123 
C133 
C143 
C153 
C163 
C173 
C183 
C193 
C203 
C213 
C223 
C233 
1:243 
C253 
C2A3 

C273 
C283 

1:293 
C303 
C313 

^ COMPTRR ? A ? B f BR ? C;n >INVENTORY iT iADJPROBPROM i 
CONTlNUATION?E;fEROTn»JJLROT>F;UfKfIiU?BB?GfNROT 
'FOR A PAYGRAliE GROUP (DEFINED BY 0P5> AND DUTY 
TYF'E r ' 
'COMPTR DESCRIBES THE EFFECT OF CHANGES IN 
NORMAL ROTATION' 
'AT A PERIOD Tl ON THE TOTAL PERSONNEL IN THE 
DUTY TYPE AT A- 
'SUBSEQUENT PERIOD T2>1+T1' 
'ENTER PAYGRADE GROUP' 
Cf-D 
HEADER 2 
D<-<(3*>DU>*l3>/\3 
'ENTER PERIOD Tl' 
Tf-D 
'ENTER PERIOD T2' 
C4-C..D-1 
BBf-B<-< 3+\ bl-2) r C13 (2 f M~2) PO 
U<-0P5 
K<-UC<2XCC13>-13 

L00P:0P5*"KrK 
(((62P1   0)\\L> + (62PO   DXlDGROUP   0Pl»15flrT 
E^-INMENTORYCf JlF2f3f43 
INVENTORY<-0 
I^<4xCC23-T)-3xl<Ci:23-T 

L00PlJF*-(2rLfM)p0 
^ri!!!I~5*'*^~^^''^^~^>'"*-<~l*'^23E)CDC13f?3 
FC2r.(I-3)r<I-2)r(I-l),I3f-(~l*C23E)CD[23?n 
J<-1 

L00P2JREADFILE OPl.lOrKfT+J 

F<-Fxl-(2rLfM)p<«s,(M,L)pADJPR0BPR0Mi:DUn)rC13*»(M,L) pADJPROBPROMLDUn ' f^-^J-iKafU.} 
READFILE OPlfS.KfT+J 

-»(0P3=0)/LATE 
READFILE 0Pl,6fKrT+J 

FCl?f4+\M~43<-Fi:i;?4+lM-43xl-ER0TCDU3+ER0TCDU3 
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i: 3 2 ::t F I: 2 ? SS 4 ■!■ \ fcd ■■•• 4 :;i <■■ F' [: 2»v 4 n fcd ■ ■■• 4 :i x 1 ■•■• E R G T 1: n u ::i i 1;;: r^ 0 j \: D 11 ::i 
1:33:1 LATE ;-M0P2-0)/NORM 
1:34:1 READFII...E QP:l. vByKyTi J 
i::35::i G<-FI:;; 51»21-3»4:1 
1:3 6 ::i F1: :i. y 5 :i. f 2 y 3 V 4 ::i <■■ F I: ;I. ? 5 ;I. y 2 V 3 y 4 :I X ;I. f /1... R D T C: 1:1 ij P ::I 

1:37:i !•• 1::i. V V::if F\: 1; 5::i-f < (i.„yti)*> 1...F.QTI;: 1:1 u?::i)xfii<Mvi„.>,>•{• /GI: 1 j ?:i 
t:; 3 8 ::i F" i: 2 5 ? ;i. y 2 v 3 y 4 :i <■• F I: 2 5 51. y 2 y 3 V 4 ::I X 1 i- /1... F^ 0 j 1:1:1 u {:i 
1;: 3 9 ::i F" 1:2; ? ::i <•• F" r: 2 ? 5 ::i f (( L y t:!) >> 1... F^ 0 r 1:: D 1.15 ::i) x is! ( M y u > *> f / G F: 2 ? ? 1 
\:AO:\ G-i-o 
F:4:I.::I N0RMJ-KCc:2::i<Tf..H-jf:i.)/GUT 

F:42;;I F<i-4't'"":i.'t'i:2::iF 
I::43::I FF:? 5 (t;3-3) y (&i-2) V <M-;I. ) yM::i<-o 
F:44::I ■•i.i...oGp2 
F:45:I GUT J BF:2 y 3 ? i ■■3:n-f/i/Fi:} $ 1 y 2 y 3 y 4:1 
\: 4 61 -K (3 ■{ 4 X c [: 2 ::i •••■ i);:: i <■■ i f :i. > /1... o o F 1 
F:47::I BBi:2y3y lfcS--3:i^BB[:2y3y i fci-3:ifBF:2 y 3 y \fei--3::i 
F;4e:i READFILE GPiy7yi\yT 
I;:49:;I G^-BF:2y3y iM-3:if .XIMO   3iNR0TF;(3   2f'3   5   :l.   6   2   4)F:DU?::iy 

F: 5 0 :i B B F: 2 y u ■■■■ 2 :\ <•• B B F: 2 y M - 2 :i f G F: :i. ? 1 ;:i 
F; 51 :;i BB r 3 5 i^-2 ::i -i-BB F: 3 5 i!i-2 ::i -f G F: 2 ? 2 ::i 
F: 5 2 :i ••!> (u F: 2 x c F; :F ::I ::t;:: K ■(■• K I :i.) / I... G G P 

F:53::i OP5<-U 
F:54;:I 
[:5s::i 
F:56:! 
F:57::i 
F:5B3 
F:59::I 

[:6o:i 

4 j. f>'   ' 

'PAYGRADE   GROUF 
'0P2   ■■■■■■■■    ' yGP2 
'GP3   ■■■■■■■■    ' yGP3 
'OP5   ■■^■■■-    • vOP5 
I I 

TGUR   LENGTH y (3yO)TBF:;Fy \U-31 I. (:, .1. J 

F:62:J    '   ' 
F:631      AF:BF:i::iy3y '    TO    • yAF:DUy::i5 '       ' y <3yO)TBBF:2MM-3:iy ' 

y (:3yO>TBBF:2yfci--2:i 
F:64:I      Ai:DF;2nny'    TO    'yAi:DUy::iy'       • 5 (3yO)<pBBF:3? \fc3-33y • 

y <3yO)7BBi:3yM-2::i 
t        ( F:65::I 

F:66;:I 

F;68:] 
F:69:] 

F;701 

'FOR   EACH   INDICATED   ROTATION   TYPEyTHE   CHANGE   IN 
r 0 T A I... F-' F;: R S 0 N N E I... AT  ■ ? < A F: D i J y ;:I ^ 7 f> •   ' > / A F: D U m '  i N ■ 
' pER10D  ' ? cF:2 ::ii 1 ? •  DuF;; T0 AN AF..'T-E:I-^F:D F^0TATIGN 
r Y F- E   M F: C J 0 R   R   IN   I"' E R10 D    ' y T y '    IS' 

E F/RxA 
'WHERE A IS THE UECTGR CONSISTING OF THE FIRST 
;L7 ENTRIES AND E IS THE' 
'THE LAST ENTRY IN THE ROW CORRESPONDING TO THE 
ROTATION TYPE' 

y 
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f START j 

ENTER: PAYGRADE, DUTY TYPE 
INITIAL TIME PERIOD T1, FINAL 

TIME PERIOD T2 

I 
CALL GROUP 

I 

1 
DETERMINE NUMBER 
REMAINING AFTER 

PROMOTION 

COMPUTE PREPARED 
PAYGRADE INVENTORY 

FOR PERIOD T1 

I 
RETURN 

I 
ROTATE PERSONNEL 
TO DUTY TYPE AND 

INCREASE LOS 
BY ONE 

I 
DO L00P1 FOR 

TOUR LENGTHS 
/4(T2-T1)-3 THROUGH^ 

3+4(T2-T1) 

I 
DO LOOP2 

FOR PERIODS 
T1 THROUGH T2-1 

I 
DETERMINE NUMBER 

OF ROTATED PERSONNEL 
REMAINING AFTER 

ATTRITION 

ELIMINATE 
EARLY ROTATORS 

READJUST TOUR 
LENGTHS FOR LATE 

ROTATION 

'PRINT TOTAL PERSONNEL 
WHO ROTATED TO 

DUTY TYPE IN PERIOD 
T1 AND WILL ROTATE 
FROM THE DUTY TYPE/ 

IN PERIOD T2-1 

( END J 
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V FILLJBR 
[.13   DFXHC83'HOD 
L21        FIL 
i::3D   DEX'FIL' 

'i?   FIL»APIiT»i;KPJJLyM50P 
LID  'SPE;:CIFY DATA COMPARTMENT(O OR D' 
1:2 J        ];<■ (8i4xl)xOP<-D 
I:3:J       L4-0Pf J<-2x(;)i;}i)x|s;xop 
LAI        DTM 
1:53 LOOP t ••> (DT-= 112) /L1 f 1..2 y L3»L4 / L5 y L6»L7 y LB y L9 y LI0 y L11 y 

L12 ,        • 
L:6:I LI: ((isiy (•i;fi)y3)pO)Eiii::ii]::i'F]:LEi' 
L7:\        -JEND 
t:e;] L2} (c (XID yLi;)pO)E!ii:2i];3 'FILEI ■ 
1:9:1 ■S'END 
i::i.o:i L3: < (3yLyK)pO)£!iL'3M;]'FILEI • 
[::i.i:i     >END 
1: :l. 2'J L 4: ( (3 y L. y li) i> 0) tJi L 4 f I :i ' F1L E1 ' 
L:13:I       fEND 
i::i.4:i L5JKM 

1:153 LPl J ( (lyL^ti) i>OBI:4}Kii:i 'FILEI ' 
i:i6:i K<-KM 
1:173       ■KK:i;3)/LPl 
1:103 ->END 
LI93 L7 3KM 
L203 LP2J0i;iiL8}KiI3-FILEI ' 
C213 Kf-KH 
t:223      ■KK;;2xl)/LP2 
L233 ■•>END 
L24 3 L9JKM 

L2S3 LP3{0EII:K}J3'FILE2' 

L26 3 K<K{1 

L273 ••>(Ki;2xlx|i)/LP3 
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i::29J LII:K<(-I   • . 
i::3o:i LP4:oiai:nLfKD*FiLE4' 
1:31:1      Kf-K+l 
1:323    ■•»(K:=:2x(i+l)xfci;)/LP4 
1:333     -^END 
1:34a L12:(<Iy7rfci;)r>0)ai:L.fi:i'FILE4' 
1:35:]      -»END 
1:363 L8:K<-1 

i:37"J LP5:oa[:8»K+2xI+I3'FILEl' 
1:3 8:1      Ki-Kfl 
t:39:i     ••»(KJ;2XX)/LP5 
1:403      H^END 
1:413 L6: ((i>.6»is;)pO)ai:8H3'FiLEi' 
L:423    -JEND 
L433 LIOJKM 
1:443 LP6: ( (3yLvls:)pO)ai:Kf (X+2)XOP3 'FILE3 
1:453     K<-Kil 
i:46 3       KKilD/LP^ 
1:473      ( \0)ai:i+Xf (2fI)xOP3 'FILE3' 
i:483      (^0>a[:2+I+(24'X>xOP3'FILE3' 
1:493 ENri:K12;i:DT<-DT + l)/L00P 

V 

■p 

B-15 



V PFUNT X?A;I:IT;BRJZ 
r.i:i  z<-opi 
can   AM.5 26P'BILLETS P'AYGRADE 

LIMITS PROMOTION PROBABILITIES 
ELIGIBLE PROBABILITIES    CONTINUATION 

EARLY ROTATION NORMAL ROTATION 
LATE ROTATION ACCESSIONS 

PROMOTIONS INVENTORY 
SUMMARY ADJUSTED 

PROBABILITIES    SURViyiNG INVENTORY 
PREPARED INVENTORY        ' 

i::3:i     DTM 
\.A1      L00P:"><26:==+/(Xr<26-pX)p'    ' ) ==Ai:DT TJ )/OUT 
i::5:i     DT*DT+I 
i::6::i     ->(DT:=;15)/LOOP 

171 -><DTil6)/ERR 
CBJ      OUTJ'SPECIEY   DATA   COMPARTMENT<0   OR   1)' 
i::93        OPK-D 
i;:io:i    nrxiHce+DTn'MOD' 
1113  PRINTT 
i::i23  OEX'PRINTT' 
[:i3:i ->ExiT 
i::i43 ERR: ■ INCORRECT DATA TYPE' 
[:i53 EXIT:OPH-Z 

V   PRINTT5B?BILTS»I»JJP6JTM 
i::i:]      HEADER 4 
L21 ->(BR==1>/END 
131 HEADER   5 
[;4:i -»(BR=1)/END 
L51 I<-1 
i:.6:i    LPI:B<-< (pTM>r3)po 
\:.7i      j<-i 
i::8:]      LP2J < << <2XL)P1   0)\\L) + <(2XL)PO   DMDGROUP   0P1»1» 

pGr.iD»TMi:j:i 
i::9:]        ->(I:=(POP5)-;-2)/0 

i:io3    Br.jn<-BiLTS 
r.;ii3    j<-j+i 
1:123 -»(J-.PTM>/LP2 

r.l3:i 'BILLET   REQUIREMENTS   FOR   PAYGRADE   GROUP   =    '»2   OT 

PGCI] 
[:14a ' ( ' » '0P5='»0P5» ' ) ' 
i:.153 <5»0)PRIN   B 
r.l6J K-I + 1 
r.l73 -»<I-;pPG)/LPl 
[:i8:i END:-»O 
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v  F''RINTTJBn;j>POLIMIP0»TH 
C13 HEADER   4 
1:23 ->(BR=l)/ENi;i 
r.33 HEADER   5 
1:43 ••KBR=1)/END 
C53 B<-((PTM)»PPG)PO 
t.61 I<-1 
C73 LPI:J*I                       i 
r.8D LP2:<<<<2xL)pl   0)\\L>+<<2XL)PO 

PGi:i3fTMCJ3 
1:93 -»<!>< POPS) •f2)/0 
ClOD BCJ»I3<"PGLIM 
1:11:1 J<-J+l 
t;i23 -><J:SPTM)/LP2 

1:133 I+-I + 1 
C143 ->(I:SPPG)/LP1 
1:153 'PAYGRADE   GROUP   LIMITS' 
[:i63 ' < ' » '0P5=:' J0P5J ' ) ' 
[:i73 <1»0)PRIN   B 
i:i83 ENDMO 

1)\\L)GROUP   0Pl»2i 

s?   PRINTTfAJBJDUJIIPROBPROMlPO 
C13        HEADER   3 
1:23        -»<BR=l)/ENn 
i;:33 BEGIN:HEADER   2 
t:43        -><(BR=2)vBR=l)/END 
t:53        B*-(L»PPG)PO 
[:63        I<-1 
C73 LP:READFILE 0P1»3»I,0 

i:83        BC»I3<"PR0BPR0Mi:DUf 3 
i::93      i*-i+i 
t:i03 ->(IiPpG)/LP 
ril3 'PROMOTION PROBABILITIES FOR DUTY-TYPE:',ACDUr3 
[:i23 <2»0)PRIN B 
f:i33 D<-'DO   YOU   WANT   TO   PRINT   ANOTHER   DUTY   TYPE?   ' 
[:i43 -»(3*PB*-40;D)/END 

1:153 -><3==+/B= ' YES')/BEGIN 
i::i63 END:-*O 
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V   PFn:NTT?AJB»DUII»ELIQ»P6 
n:]        HEADER   3 
121        -»<BR==:l)/ENn 
tlU BEGIN{HEADER   2 
i:: 4 J        -> ( ( DR=::2) vBR=-^ 1.) /END 
€51        B<"(Li.pPG)pO 
i:;6::i      i+i 
i::?;] LF-JREADFILE opiy4»PGi:n»o 
183     Bc ji3<-EL:[Gi::Dun 
[:9:i      i<-ni 
C:iO:i      ••KI.;;pPG)/I...P 
[:il3  'ELIGIBLE PROBABILITIES FOR DUTY-TYPEJ'»ACDUn 
i::i2:i (2fO)pRiN B 
r:i3:i CK'DO YOU WANT TO PRINT ANOTHER DUTY TYPE? ' 
i:;i43      ->(35«PB<-40II!I)/END 

1.153      -»(3=H/B==^'YES' )/BEGIN 
i:i6D END:->O 

V   PRINTT;A;B» CONTINUATION»COUNT 5 DU 51? J f K f PG;TM 
ir.ll HEADER   3 
i::2n ■■><BR=1)/END 
1:3:3 HEADER   5 
1:43 -XBR^:! )/END 
rs;] j<-i 
i;:6;:i K*"COUNT<-O 
i::?:] DUTY?HEADER 2 
t:8:] -K<BR==2)v»R=.i)/END 
1:93 LPi:B<"(UypPG)pO 
1101 li~i 
till LP2:READFILE OPI,5»PGI:ID,TM[:J3 
i::i23 Bi:»I3<"CONTINUATIONr.»DU3 
i:i33 1*1 + 1 
i:;i4a ->(I:5PPG)/LP2 

t:i53 'CONTINUATION RATES FOR PERIOD == ',2 OfTMCJ] 
r.i63 'DUTY-TYPE; • yACDun 
Cl?] (2»0)PRIN   B 
i::i8:i couNT<-couNTfi 
1:193 KtK+DUxCOUNT=-l 
1:203 'DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 

PROCCEDING' 
1:213 CK-'TO THE NEXT TIME PERIOD? ' 
r:223 •K3*PB<-25*0)/C0NT 
i::233 -K 3=+/B='YES')/DUTY 
t:24 3 CONT:DU<-K 

i::253 jfj+1 
t:2A3 "><J;;PTM)/LP1 

1:273 END}-JO 
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V F>RINTT»B»ER0T>I»J»P6>TM 
1:13   HEADER 3 
r.2J   ->(BR=l)/ENrj 
1:33   HEADER 5 
t:43   -KBR=:1)/END 
r.53   J<-1 
r.63 LPi:Bt((pPG)»6)pO 

[:83 L.P2:READFILE OPlr6»PGr.J.3»TMr.J3 
[:93   BCT.n<-EROT 
ClOD  K-I+1 
ril3  ->(I.SPP6>/LP2 
C123  'EARLY ROTATION IN PERIOD = '»2 OfTMCJ3 
r.l3:  (4»2)PRIN B 

[:153  -»(JS:PTM)/LP1 
r.16:] END:>O 

V PRINTTflfJJNROT>PG»TM 
r.lJ   HEADER 3 
1:23   ->(BR=-1)/END 
i:3D   HEADER 5 
1:4]   -»<BR=1)/END 
1:5:   J*l 
1:6]  LPlJI^l 
1:7:1  LP2JREADFILE OPl »7^PGCID »TMC J3 
r.83   'NORMAL ROTATION FOR PAYGRADE PG = 'r<2 OTPGCI3) 

' IN PERIOD TM = 'r2 OrTMCJ] 
[:93   <4»0)PRINiS(NR0T 
C103  K-I + 1 
C113  -><IJ:PPG)/LP2 
1:123  J+J+1 
C133  -»<JipTM)/LPl 
C143 END:->O 
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^   F-RINTT;nj;LROTJPQ»TM 
cm HEADEF^'   3 
i:.2n -KBR=:=l)/ENi:i 
\:3i HEADER   5 
\.A-2 ->(BR==1)/END 
i::5:] J^ 1 
i;;6::i LPlJIfl 
r,:7 3 I...P2 J READFILE   QPlyB* PGi: 111 ? TMC J3 
lei 'LATE   ROTATION   FOR   F-'AYGRADE   PG   =^ 

IN   PERIOD   TM   =••    ' »2   OtTMCJ] 
i::93 <4»1)PRIN1S!LR0T 
i::io:i K-I + l 
[: 11:] -KI-;pPG)/I...P2 
i::i2:i J<Jfl 
[:i33 -)<J;!;PTM)/LP1 

\:IA:\ END:->O 

y(2 OTPGCID), 

-5' PR I NTT ? A » ACCESS IONS» B J C * COUNT i DU y H 51 ? J > K » PG > TM 
Li.l        HEADER A 
L21        -><BR=tl)/END 
t;3:3   HEADER S 
1:43   -><BR=1)/END 
£51        HEADER 6 
162        ->(BR=1)/END 
171        ->(H~1 0)/ai»Q2 
re3  01:HEADER 2 
i::9]   -»((BR===2)vBR==-l)/END 
i:.101   Q2JI*1 
c:ii:] LPi:B<"(3f (PTM) I.3)PO 
r.i23 j<-i 
C:i33 LP2:0P6 GROUP OPl»9»PGC13 »TMC J3 
1:14:1  -)(H~0)/Q3 
1:153  K+COUNTtO 
[:i63  'ACCESSIONS INTO PAYGRADE GROUP == ',2 OtPGi:i3 
i::i73  'IN PERIOD =••= • y2   OTTMCJ3 
C:i83  ' < ' »'OPS^''»0P5f ' ) ' 
i:i93  ' < ' >'0P6=:'»0P6? ' ) ' 
[;203 DUTYJ<3rO)PRIN ACCESSIONSCDUJ »] 
i::213  C0UNT<-C0UNT + 1 
L:223  K*K+DUXC0UNT=1 

1:233  'DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 
PROCEEDING' 
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C2A1 n<-'TO THE NEXT PAYORADE/TIME PERIOD? ' 
1251 -»(3*pEi<-34in)/C0NT 
i:2AD ->(3* + /B='YES'>/CONT *; 
1:273 HEADER 2 
C:283 -><(BR=:=2)vBR=l)/END 
1:293 "»DUTY 
1:303 CONT:ACCESSIONS<-O 
r.313 DU<-K 
r.323 J*J+1 
i::333 -»<J-:<>TM)/l..F'2 
1343 I+-I + 1 
i::353 -»<IS;PPG>/LPI 
i::363 ->o 
C373 Q3:B[: J j;i3<- + /+/ACCESSI0NSi: J Jl»2»3f43 
i::383 BCJJ?23^<+/+/ACCESSI0NS)-+/+/ACCESSI0NSr.»fl,2,3r 

43 
1:393 Bi:;j»33<-+/+/ACCESSI0NS 
C403 ACCESSIONS<-0 
[■.413 J+-J+1 
r423 -♦<J:;PTM)/LP2 
r:433 'TOTAL   ACCESSIONS   INTO   PAYGRADE   CROUP   =    ',2   OTPGC 

13 
i::443 ' <' f'0P5='jops;' >' 
C:453 <5»1>PRIN B 
1:463 B<-0 
[:473 K-I + l 
t:483 ->(I-;pPG)/LPl 
t:493 END MO v 
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w PRINTTiA;PROMOTIONSiBiCiCOUNT»DU»HII>JJKfPGJTM 
Cl]   HEADER 4 
C23   ->(BR=l)/ENri 
C33   HEADER 5 * 
CAD   -><DR=1)/END 
C53   HEADER 6 ^        , 
C63   -♦<BR=1)/END 
C73   -»(H=1 0)/Ql»Q2 
C83  01:HEADER 2 
1:93   -»(<BR=2)vBR=-.l)/END 
C103 025K-1 
CH3 LP1;B^(3»(PTM).3)(»0 
1:123  J<-1 
C133 LP2:0P6 GROUP OPl»10»PG[:i3 FTMC J3 
C143  -»<H=0)/03 
C153  K*-COUNT<-0 
C163  'PROMOTIONS INTO PAYGRADE GROUP = '.2 OTPGCI3 
C173  'IN PERIOD = '»2 OTTMCJ3 
C183  '<'J'0P5='fOPS;' ) ■ 
1:193  ' ( ■ $'0P6='J0P6T ' ) ' 
C203 DUTY5<3»0)PRIN PROMOTIONSCDUJJ3 
C213  C0UNT+-C0UNT+1 
1:223  Kf^K+DUxC0UNT=l 
C233  'DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 

PROCEEDING' 
t:243  n<-'TO THE NEXT PAYGRADE/TIME PERIOD? ' 
C253  -><35'PB<-34 4B)/C0NT 
L263  -»(3»'+/B='YES')/CONT 
C273  HEADER 2 
1:283  ->((BR=2)vBR=--l)/END 
C293  ->DUTY 
C303 CONT:PROMOTIONS<-O 
C313  DU<-K 
C323  J<-J+l 
C333  -»(JSPTM)/LP2 
1:343  I*-I + l 
C353  "-»(ls>PG)/LPl ' 
C363  -»0 
C373 Q3:BC»J»13<-+/+/PR0M0TI0NSCJfl»2»3»43 
C3B3  BC;jf23<-<+/+/PR0M0TI0NS>-+/+/PR0M0TI0NSC}Jl»2.3» 

43 
C393  BCJJ$33<-+/+/PR0MOTIONS 
C403  PROMOTIONS*-© 
C413  J*-J+l 
C423  -♦<JipTM)/LP2 
C433  'TOTAL PROMOTIONS INTO PAYGRADE GROUP = '»2 OTPGC 

13 
C443  '(•J'0P5=';0P5F ' )' 
C453  (SfDPRIN B 
1:463  B<-0 
C473  Ii-I + 1 
C483  -♦(ISPPO/LPI 
IA92   END}-»0 
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V PRINTT?AJINVENT0RY>B»CIC0UNTfriU;HJI»JJK5PGJTM 
i::i.3  HE:ADE;R 4 
121        -><BR=l)/ENri 
C3D   HEADER 5 y 
\:A1        ->(BR=l)/ENri 
1:53   HEADER 6 
1:63   -><DR=1)/END ^ 
r.:?:]  -»(H=:I o)/«irQ2 
i:83 Qi:HEADER 2 
r.93   -><<BR-2)vBR«l)/END 
C103 Q2:i<-1 '. 
Cll] L.P1:B+-<3»<PTM)»3)PO . 
i::i23 j*i 
L-:i33 LP2:0P6 GROUP OPl, 11 ^PGCID ,T«r. J3 
i::i43  -><H=0)/Q3 
C153  K<-CC)UNT*-0 
t:i6:i  'INVENTORY FOR PAYGRADE GROUP == ',2 0TPGCI3 
[:173  'IN PERIOD = ',2 OTTMCJD 
[:i83  ' < ' » '0P5=-' »0P5; ' ) ' 
11193  ' ( ' f '0P6=-' J0P6» ' ) ' 
C203 DUTY:(3»0)PRIN INyENTORYCDUfn 
1:213  C0UNT«-C0UNT+1 
1:223  KfK+DUxCOUNT=-l 
1:233  'DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 

PROCEEDING' 
1:243  a*'TO THE NEXT PAYGRADE/TIME PERIOD? ' 
[:253  -»<3*PB<-34^I!I)/C0NT 
[:263  -»<3*+/B='YES')/CONT 
r273  HEADER 2 
t:283  -♦<<BR=2)vBR==l)/END 
r.293  -»DUTY 
1:303 CONT:IN«V'ENTORY<-O 
[:313  DU+-K 
1:323  J<-J+l ' 
C333  -><Ji:pTM)/LP2 
[:343  If-I + l 
r:353  -*(IJ;PPG)/L.P1 
[:363  -JO 
1:373 Q3:BC»JJ13<-f/+/INVENT0RYi:»fl»2,3»43 
t;383  BC;j;23*-<+/+/INVENT0RY>--+/+/INyENT0RYC>;i»2,3,43 
i::393  BC;jJ33<-+/+/INVENT0RY 
C403      INVENTORYf-0 
[;413      J*-J+l 
E:423      -»<Ji:pTM)/LP2 
C433  'TOTAL INVENTORY FOR PAYGRADE GROUP - ',2 OTPGCI3 
C443  '<'J'OPS^';0P5;')' 
C453  <5»1)PRIN B 
C4A3  B<-0 
C473  I+-I + 1 
C483  -><I •;pPG)/LPl 
1:493 END:->O 

. ^ ■■■ 
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-s- PRINTTJBJIJJJ8UMMARYJTM 
i:iJ   HEADER 5 
1:23   ->(BR=^^l)/ENi:i 
\:.'S3        J+l 

i::4:i I...PI:I:«-(7» (pOP5)-f2)po 

161 I...P2:0P6   GROUP   0Pl,12rI»TMCJ3 
1.71        BCJIIHSUMMARY 
IBl        li-in 
t: 9 :J        ••> < I :•; < P 0 P 5 > v- 2 ) /1... P 2 
r.:io:i   2 ip'   • 
till] • < ' f '0P5=^:' fOPSJ ' ) ' 
i::i2.i    <6F0)PRIN B 

i::i33    j+j+i 
i::i4::i    ->(JL^PTM)/LPI 
til 5:1 ENUMO 

V   PRINTTJAfBJIJJJKJADJPROBPROMjriUJPGJTM 
i::i3        HEADER   3 
1:23 -XBR^^D/END 
1:3:3        HEADER   5 
t.4:.1        -KBR--r.l)/END 
i::5:3      j*i 
1:63        K+COUNH-0 
171 DUTYUIEADER   2 
i::8:]      ->< (BR--==2)VBR==I)/END 
i::93 LPI:B< <LVPPG)PO 
1:103  K-l 

1:113 LP2JREADF-n..E OPl r 10, PGC I 3 , TMr J3 
1:123  B[.n.3*ADJPROBPROM[:DU»3 
i::i33 ifi+1 
1:143 ->(ii;ppG)/i...p::> 

"^^  yA^DuH'^''^' '"'^^"^"■"'•^N PROBABILITIES FOR DUTY-TYPEJ 
i:i63  -IN PERIOD -S2 OtTMCJ3 
1:173  (2,0>PRIN B 
i:i8 3 C0UNT<-C0UNr41 
1:193 K<"K+DUxCOUNT=-l 
t;203  'DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 

PROCEEDING' ■ "'-'*•"''=■ 
1:213 rat'TO THE NEXT TIME PERIOD^ ■ 
1223 ->(3'«pB<-25il!l)/C0NT 
1:233 -»(3~+/B=n'YES')/DUTY 
r:24 3 CONT:DU*K 
r253 Jf-J+1 
i:263 -»(Ji:pTM)/L.Pl 
1.271 END:->O 
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V F'RINTT;AJ INVENTORY>B>C»COUNTimUMliJiKiPGiin 
C13   HErtDER 4 
C2D   -KBR=1)/END 
C3D   HEADER 5 
C43   -»(BR=1)/END 
C53   HEADER 6 
C63   -><BR=1)/END 
C73   ■»(H=1 0)/Ql>Q2 
C8D  Qi:HEADER 2 
C93   -♦<<BR=2)vBR=l)/END 
C103 02{I<-1 
C113 LP1:B<-(3»(PTM)»3)PO 
C123  Jt^l 
C13D LP2:0P6 GROUP OPl»lA^PGCID»TMCJD 
C14D  -♦(H=0)/Q3 
CISD  K<-COUNT<-0 
[:i63  'SURVIVING INVENTORY FOR PAYGRADE GROUP = ' t2   Of 

PGCI3 
C173  'IN PERIOD = '»2 OTTMCJ3 
C183  '('»•0P5='$0P5$')' 
C193  ■(■>■OPA=';0P65' ) ' 
C203 DUTYJ(3»0)PRIN INVENTORYCDUJr3 
[213  C0UNT<-C0UNT+1 
C223  K+^K+DUxCOUNT=l 
C233  "DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 

PROCEEDING' 
C243  Of-'TO THE NEXT PAYGRADE/TIME PERIOD? ' 
C253  -♦(3*pB<^34*n>/C0NT 
C263  -♦(3*+/B='YES')/CONT 
C273  HEADER 2 
C283  -♦((BR==2>vBR=l)/END 
C293  -»DUTY 
C303 CONT:INVENTORY<-O 
C313 DU<-K 
C323 J<-J+l 
11333 -»(JipTM)/LP2 
C343 K-I+1 r 
C353 -»<I::PPG)/LP1 
C363 -»0 
C373 Q3:BCJJfl3<-+/+/INVENT0RYi:j Jl,2»3.43 
C3a3 Bi:rJf23+-(+/+/INVENT0RY>-+/+/INVENT0RYC;;i»2»3»43 
C393 BCfJF33*-+/+/INVENTORY 
[403 INVENTORY<-0 
C413 J<-J+l 
C423 ^(JJ:PTM)/LP2 
C433 'TOTAL SURVIVING INVENTORY FOR PAYGRADE GROUP = ' 

r2 OtPGCI3 
C443 '<';'0P5='J0P5J')' 
t:453 (5»1)PRIN B 
C463 Bt-0 
C473 I+-I + 1 
[483 -»(IipPG)/LPl ■    ., - C 
C493 END5-»0 v <• ^ 
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v   PRINTT;AnNVENTORY>B>C>COUNTJDU»HfIJJfK;PG;TM 
Cl]        HEADER   4 
C23 -»<BR=1)/END 
C33 HEADER   5 
C43 ->(BR=1)/END 
rSD HEADER   6 
L63 -KBR^D/END 
C73 -»<H=1   0)/Ql.Q2 
C83 QIJHEADER 2 
1:93 -♦(<BR=2>vEiR=l)/END 
C103 a2:i<-i 
C113 LP15B<-<3»(PTM)»3)PO 
C123  J<-1 
C133 LP250P6 GROUP OPl»15»PGCI3rTMCJ3 
C143  -»<H=0)/Q3 
C153  K<-COUNT<-0 
C163  'PREPARED INyENTORY FOR PAYGRADE GROUP = '»2 OT 

PGCI3 
C173  'IN PERIOD = ' t2   OTTMCJ3 
C183  '<'J'0P5='fOP5$')' 
[:193  •( ■;'0P6='JOP65 •>' 
C203 DUTY:(3.0)PRIN INVENTORYCDUJ}3 
C213  C0UNT<-C0UNT+1 
[223  K*K+DUxCOUNT=l 
C233  'DO YOU WANT TO PRINT ANOTHER DUTY TYPE BEFORE 

PROCEEDING' 
C243  Ei*'Tu THE NhXT PAYGRADE/TIME PERIOD? ' 
r253  -><35'pB<-34iCI)/C0NT 
C263  -»<3*+/B='YES')/CONT 
L273  HEADER 2 
t:283  -♦<<BR==2>vBR=:l)/END 
C293  ->DUTY 
C303 CONTtlNyENTORY^-O 
C313  DU<-K 
C323  JtJ+1 
C333  -♦<JS;PTM)/LP2 
r343  K-I+1 
C353  -><IJ;PPG)/LP1 
C363  ->0 
C373 Q3:BCf Jfl3<-1/i/INMENTORYC;; 1,2,3,43 
C383  EC?JJ23<-(+/+/INyENT0RY)-+/+/INVENT0RYCf;i,2,3»43 
C393  BC;j;33<- + /+/INyENT0RY 
C403  INVENTORY<-0 
L-413  J<-J+l 
C423  -»(JipTM)/L.P2 
C433  'TOTAL PREPARED INVENTORY FOR PAYGRADE GROUP = '1 

2 OtPGCI3 
r443  '<'f'0P5='J0P5J')' 
C453  (5,1)PRIN B 
C4A3  B+0 
C473  K-I+1 
[483  -»(IippG)/LPl 
[:493 END:-»O 
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vpROJECTCQ]'!' 
V   PF^OJECT  T 

[; :i. ::i i:iFXHt:39:i'M0D' 
1123 PF^OJECTT   T 
1:33 UEX'PROJECTT' 

V 

V PROJECT! T»ACCE88I0N8»Alf(S2»A3;A4»A5;A6?Bi;B2JB3» 
B4 f B5 i B6; CH f CONTINUAT ION i HOLD; H0LD41 i H0Lri42 J 
H0LD51»H0L.n52 > I i INVENTORY J J J K»N1»N2 J N3 J N4 »NROT J 
PGLIH» PROMSUM f SUMMARY » TT 

[-.13   TT*-(x/0P4)+Txl-0P4C13 
[:23   -♦<0P4[:i:i==l)/START 
1:33   0 CHECK<3+0Pl)rTT 
r43   -»<CH=-0)/0 
i:;53  START: 'PROJECTION BEGINNING'   ^ ' 
t:63   K<-li 
[:73     L.P1JSUMMARY<-K»6PO 

i:83        REAIiFILE   OPl»11 »K»TT~l-0P4i:i3 
[•93        SUMMARYC23<- + /+/+/INVENT0RY 
[:103      INVENTORY<-0 
Llll     ATTRITION   0P1»K»TT~1 
[:i23     SUMMARYi:33<- + /+/+/INVENT0RY 
[:i33      INyENTORY<-0 
1:143     PREPINV   0P1»K»TT-1 
[;153     SLJMMARYi:43<-PROMSUM 
C163      INVENT0RY<-44'-l'J'C23IN'v'ENT0RY 
[:173  READFILE OPl »7»Kf TT-l 
[183     J<-0 
i:i93   LP2:Al*-NR0TriJ3-(<l-J)+Jx + /NR0TCin) + lE-10 
r.203 A2<-NR0Ti:2J3-<(l-J)+Jx + /NR0TC2n) + lE-10 
C213 A3*-NR0Ti:3»3-<<l-J) + Jx + /NR0Ti:3f3) + lE-10 
C223 A4*-NR0TC4n-^<<l-J)+J'< + /NR0Ti:4?3) + lE"10 
[•233 A5<-NR0TC5n-<<l~J>+Jx + /NR0Ti:5n) + lE"10 
C243 A6*-NR0TC6f3-f(<l-J)+Jx + /NR0TC6»3> + lE-10 
[:253  -»<0P3-0)/Ql 
r.263  Bl*-<(<3»L.4)p<»H0LD41)\H0LD42)i:i;rjxJ) + INVENT0RYn 

Ifi <M--3)»<M-2)»<M-1) i'M3xl-J 
r.273  B2<-<<<3,L»4)p(»H0LD51)\H0LD52>ClJnxJ) + INyENT0RYi: 

1; » (tli-3) » (M--2) » <M~1> »M3xl-J 
[283  B3<-<<<3»L»4)P(»H0LD41)\H0LD42)C2JJ3XJ) + INVENT0RY[: 

2? J(tSl-3)f <M-2)»(M-l)»tSi3xl-J 
[:293  B4*-<<<3»Lf4)p(»H0L.D51)\H0LD52>[:2f ;3XJ) + INVENT0RY[: 

2»><M-3)»<M-2)»<fei-l)»i!i3xl-J 
r.303  B5<-(<<3,L»4)p<»H0LD41)\H0L.D42)C3JnxJ) + INVENT0RYC 
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i 
STORE TOTAL 

PROMOTIONS IN 
SUMMARY 

ROTATE PERSONNEL 
WHO REMAIN IN DUTY 

TYPE 

I 
'      READ NORMAL 
ROTATION PATTERN 

ROTATE NORMAL 
INVENTORY ARRAY 

ROTATE EARLY 
INVENTORY 

READ ACCESSION 
DATA 

DETERMINE 
PROJECTED 
INVENTORY 

YES 

1 
STORE TOTAL PROJECTED 
INVENTORY IN SUMMARY 

READ PAYGRADE 
LIMITS 

STORE PAY GRADE 
LIMITS IN SUMMARY 

f 

END LOOP 

CALL CHECK 

AUGMENT CHECK 
VECTOR 

RETURN 

( END ) 

STORE SUMMARY 
IN FILE 

DISPLAY ERROR 
MESSAGE      / 
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V STATUS 
[ilD   aFXBC363'H0D' 
1:23   STATUSS 
1:33   DEX'STATUSS' 

V BTATUSS 
i:i3 'li == ' »liJ ' ' r '0P2 = 

0P2 ■"' 
L21 'L = '?LJ' ' ? '0P3 ^ 

0P3 
1:3.1 'M   =^=   ' JiiiJ ' ' ? 'I   == 
1:43 '0P1.   =^    ' fOPl 
L53 
C63 '0P4   =^   • ;0P4 
1:73 "OPS   :=   ' »0P5 
i:83 ■0P6   =   ' fOP6 
i:93 '    ' 

1:113 '    ' ^ 
1:123 ' '   TM   =   ' f~l+\I+l 
C133 '    ' 
1:143 ->( <pl3Cl+I3'FILES')=0)/Ql 
1:153 'COA   =   ' fHCl+I3'FILES' 
i:i63 Q1:-»((PBL"2+I3'FILE3')=0)/Q2 
C173 'COP   -   ' fHi:2+I3'FILE3' 
i:i83 Q2: '    ' 
1:193 ->((f>H[;3+2xI3'FILE3')=0)/Q3 
1:203 'CIA   ==    • ?l3C3+2xI3'FILE3' 
1:213 Q3:-»( <pBC4f2xl3'FILES')=0)/0 
1:223 "CIP   =-    ' fi3C4+2xl3'FILE3' *. 

"i. 
:<k.. 
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v TRANSFER 
i::i3 DFXIHi:52D'M0ti' 
1:23 TRANSFERR 
1:3] DEX'TRANSFERR' 

V TRANSFERR51} J5 DT ?PG J TM J BILTSi F'GLIM y PROBPROM J ELIG5 
CGNTINUATION fEROT J NROT P LROT J ACCESSIONS i 
PROMOTIONS fINVENTORY >SUMMARY yADJPROBPROM f BR 5 B ? X 

1:1:1   'TO WHICH COMPARTMENT (0 OR 1) IS DATA TO BE 
TRANSFERED?' 

1:2:1   X< (-^DrU-a 
1:33   D< 'DO YOU WANT TO TRANSFER AN ENTIRE DATA FILE? ' 
1:A1 -HZ^pBiA'SiUD/LOOP 
L5J   ■•K3=^^^f/B-:^'YES' )/AL.L 
C6J      LOOP:HEADER   1 
1:73 -K (BR-2)vBR:::=l)/END 
LB3        HEADER   3 
1:9 3 Hi BR=2) vBR=.-: 1) /END 
tlOJ   RETUIEADER   5 
1:1 IJ      ••>( (BR=:^2)vBR==l)/END 
1:12:1      ■•)(DT=1   2   ID/BEGIN 
L:13:I       K05'i/TM>4>/ERR 
\:1A1   BEGIN JJM 
1:153  LOOPmtl 
i:i63 L00P2JREADFIL.E XTl _1. DT yPGC ID rTMC JD 
L171      WRITEFILE Xi:23 y DT y PGC I D . TMt J J 
[:18:J      ■•K(pPG)£l<-Ifl)/L00P2 
C19D      •XDT-D/CONTl 
1:20:1      (Xi:2:iyl)FILEALT   TMCJ3 
1:213   CONTi: >(DT€ly6y7y8)/C0NT2 
i;:223      (Xi:23yO)FILEALT   TMCJD 
1:23:1   C0NT2:-K (pTM);i:J<-JM)/LOOPl 
1:24:1  l!l< 'DO YOU WANT TO TRANSFER ANOTHER DATA TYPE? ' 
1:253  ••>(3'^f>B<-43iI!l)/END 
1:263      •> (3=f/B=: • YES ' ) /LOOP 
1:273   ENDJ-50 
C28 3 ALL :n<- 'DATA FILE TO BE TRANSFERED:' 
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11293 ••>(5*PB<-27*D)/ALL 

1302 HI 
C 31 :J ■■> < B [: 51 - ' 1234 ' ) /L00P3»LOOP A y LOOPS y L00P6 
1:32:1      ^ALI... 
1:333 L00P3J (iai:iixi:i:ix8+4xi3'FiLEi • )i3ii:j:fX[:2Dx8+4xi:]' 

C34 3       X (8i4xX)2:]:<-Iil)/L00P3 
1:35:1       K) 
i:36:i L.00P4J (ii;ii:i+XLi3x2xti;xi):i.:TF]:LE2' )iai:]:fxc23x2xis;xx}i3 

F:[L.E:2' 
1:373       -K (2x|s;xXH)L::I<-Iil)/L00P4 
C;383       iO 
1:393 L00P5J (li;ii:HXi:i3xlf23'FILE:3' )E!li::]:}X[:23xlf23'FILES' 
1:403      X (X+2);i:IMil)/L00P5 A 
1:413 -JO 
1:423 L00P6J <K3i:i+Xi:i3xlf2x|s;xlj 13 'F3;LE4 ' )E!li:iiXC23xli2xlix 

Xil3'FILE4' 
L433 ••K<ll2xfcixX + l);;:I<-I + l)/L00P6 
1:443 -^O 
1:453 ERF^:'FGR   THIS   DATA   TYPE   EACH   ENTRY   MUST   LIE   IN 

THE ' 
i:463      'INTERVAL   0   ^   X   i    ' *2   OTI-1 

1:473 ■•>RET 
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V   READFILE   XiBiCiliJiKiL 
1:12        liiiHA^D^XZll 
€21        L<-X[;i::ifJ<-2x(IM)xKxXi:i3 
1:3 J ■> ( Xi:23==-1 y 2 V 3 K 4 y 5 y 6 y 7 » 8 K 9 I- lOi-11 y 12 ) /LI y L2 y L.3 y L4 y 

1..5 y L6 y L7 y L8 y I...9 y L1 0 y L11 y L 12 
1:4:]    LI:BiLTGfdiHi: 1} :i::i'FILEI ■)I::X[:3D;X[:4DM Ji 
t::5:]      ^o 
\:.63    L2:pGLiM^(ii3i:2M:i TiLEi') [:xi:4aM y X[:3D3 
1:7.1        "JO 
1:83     L3}PR0BPR0M<' (iai:3MJ'FILEl' )CJJX[:333 
1:93       >0 
[::LO:i   L4:ELIG<'<IHi:4i]:i'FILEl')t:yJXt:3D3 
1:11:1    -^o 
1:123   LS:C0NTINUAT]:0N<-<Ly3)p0 
L:I3:I   KM 
[:i4:i   LPJCONT:i:NUAT10Nt:yia<-(li3i:4}KM3 'FILEl ■ )CXC43il J 5XC33 

3 
1:153      Ki-Kil 
i:i6:i     ■KK:f;3)/LP , 
LI 73 -^O 
[:183 L7Ji:Hiei:i{9l-2xXL-43 3'FILEl • 
[:193 C<-l0[:i}lOi2xX[:43 3'FILEl' 
1:203 HRQJi- < (6 y M y li ) P < y B ) \C) C y y X[:33 3 
[:213 -^o 
r221 L9JB<Hi:( (J   l)i2xXi:33) i2xXi:43x|s;3 'F1LE2' 
C: 2 3 3 C i- B1: ( J ■} 2 x X i: 3 3 ) f 2 x X L: 4 3 x Ui 3 ' FIL E 2 ' 
[: 24 3 ACCESS I ONS<' ( 3 y L y fej) f ( y B ) \C 
1:253       iO 
1263 L10JADJPROBPROM<-(l!3i:iiXC:43i(Ii2)xXn,33 ■FILE3' )r.y PXC 

33 3 
[.■273      >0 
i:283   LllJB<-l!ili::(Lf2xXt:33)i2xXi:43x|s;3'FILE4' 
L:293      CMi3i:(L-}lf2xXi:33)}-2xXL43x|s;3'FILE4' 
1:303      INVENT0RY<(3yLyi!l)p(yB)\C 
1:313    -iO 
[.•323   L12JSUMMARY<(II31:LI13'F1LE4' )[:XC43il5 5XL333 

L3Z:\    ■■>o 
1:343   L8JB<"K3[::[i9i2xifX[:433'FILEl ' 
1:353     C<-i3[:iHOi2xiiX[:433'FILEl' 
i:363      LROK ( (3yfciyis;)p< yB)\C)[:y yX[:333 
1:373    -^o 
E383   L6:ER0T<-(H[:8fI3'F]:LEl')C;X[:43}inX[:333 
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V  WRITEFILE  XJBJCJHJPKJL 
1:13        ]:<-(8f4xX)xXi:i3 
i:2D        L<X[:iJ+J<"2x<I}l)xu;xXLlD 
1:3:1 ■HX\.:2:\--'l ,2,3y A f 5 f 6,7 f By? » 10* 11 y 12) /LI y L.2 yL3yl.Ay 

L5 y L6 y L7 y LB y L9 y L10 y L1 :l. » LI 2 
ZAi   Li:B<ii;ii:i+n'FiLEi' i 
1:5:1     B[:x[:3:iyXi:43im<-BiLTS 
C6I        Bt!ii:iiIJ'FILEl' 
C73        -)0 
Ca:] L2:BMi3i:2fID'F-ILEl' 

'VJn        BLXlAl-iliXLZlUFGLin 
' L-:LO:I    Bai:2+i:]'F"iL.Ei' 

1:11:1    >0 
i:i2J   L3:B<-i3i:3M3'FILEl' 
i:i3J    Bi:5}X[:3a3<pROBPr<OM 
1:14:1      Bai:3fIJ'FILEl' 
1:15:1      JO 
i:i63   L4tB<-lt3i:4M]'FILEl ' 
1:17:1    BI:?>X[:3.T:H-ELIG 

1181    Bai:4ii:]'FiLEi' 
1:193      -JO 
C203 L5JKM 
1:213 L00PJB<IHi:4iKH.TFlLEl' 
L"22:i BLXi:4.1H?JXi:333<-CONTINUATIONi:yK3 
1:233 BQi:4iKiI3'FlLEl' 
1:243 K<Kfl 
1:253      ■><K:;:3)/L00P 

1:263      -iO 
1:273 L7:C<ll3i:if9f2xXi:433'FILEl' 
1:281     B<- (6>i:iyti)p( yC)\Bi:i}10i2xX[:433 'FILEl ' 
1:293      B[:»yX[:333<NROT 
i:303      (Oi*B>Qi:if9+2xXi:433'FILEl' 
1:313      <(yO*iB>/yB)Bi:]:MOi2xXi:433'FILEl' 

1:333   L9:<0*ACCESSI0NS>Bi:((J-l)+2xXi:33)+2xXi:43xli3'FILE2' 
1:343      ((y0^ACCESSI0NS>/rACCESSI0NS)ai:(Ji2xXn33)f2xXi:43x 

ls:3'FILE2* 
1:353     >0 
C363   L10:B<-HI:1 + XC43KI+2)XOP13'FILE3' 
C373     B[:??Xi:33 3<-MiJPROBPROM 
1:383     Bai:HXi:43+(I+2)xOP13'FILE3' 
L393       >0 
1:403   Lli:<0»»INVENT0RY)aL(L}2xX[;33)+2xX[:43xts;3'FILE4' 
1:413      < ( ,0v<>INyENT0RY)/»INyENT0RY)Bi:(L + lf2xXi:33)i2xXi:43x 

HI'FILE4' 
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i::42:i    -^o 
1:43:1 L12:B<ll3i:Lii:i'FILE4' 
1:44:1 BLXi:4:ii-j. f Jxi:3:n<-suMMARY 
1:45:1      Bt!l[:LM:]'FILE4' 
1:4 6:1    ■>0 
1:47:i Le t C<• E1:1 f 9i2XI■{ XLAll'FlLE1 ' 
I:4B:I   B< (3/Myii)p(yC)\ii3i:]:iioi2xiixt:4:3'FiLEi 
1:49:1    Bi:? ?xc:3 3:i<-LROT 
1:50:1    (0^B)fiii:]:}9i2xxix[:4:T:] TiLEi ■ 
1:51:1    (< >o*B)/»B)i;!ii:]:f:iof2xitx[:4:i:i 'FiLEi' 
1:52:1       iO 
i:53J L6:BMi3i:8i:n'Fj:LEi' 
1:54:1    Bi:xi:4:iHy rXi:3:i:j<-ER0T 
i:55J     Bai:8iIJ'FILEl ' 
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V   N   ALTER   X 
i:i3        nFXIBC37D'M0D' 
1:23        N   ALTERR   X 
1:33        []EX'ALTERR' 

V   N   ALTERR   X»A>Al>A2>B»B1>B2?ER0T;H>I>INVENTORYJJJ 
LROT 
ATTRITION   X 
">(N=l»2f3^4f5f6)/LlfL2rL3fL4rL5fL6 

LI:HOLD<-INVENTORY 

L2JH0LlN-(3fLffci)p0 
READFILE   XC13»8rX[;2.1rXC33 
A4-f/INVENTORYC5;i»2r3»43 
INVENTORY<-0 
B<-( ( (1 f L r M) pLROTt 1 r 3 ) r C1 D ( 1 f L»a) PLR0TC2 n ) » C 1 3 (1 y 
L»ti)pLR0Ti:3n 
H0LD<-Bx(3fL»fcl)p< ('!!((«rDpACin) ft:i3>S((idrDpAC^n) »C 
13iS((iSi!'L)pAC3n 

11123   L3;READFILE   Xi:i3f8rXC23»XC33 
L133      A<-1~+/LR0T 

1:143      INVENTORYC; Jl»2r3r43<-INVENT0RYL"f >lf2»3»43x<(<l,Lr 
4)pAC13)fC13(l»L»4)pA[:23)»i:i3(l»Lf4)pAC33 

1:153     HOLIK-INUENTORY 
i:i63      INVENTORY*-© 
1:173    ->0 
C183   L4:READFILE   XC13f6yXi:23fXC33 
C193      A<-1   0   1   0   1   0/EROT 
1:203     B4-(<<l»L»iSi-4>pAi:i3) »C13<l>Lrtt-4)pAi:23)f C13<l»L»tt- 

4)PA1:33 
C21D     H«-+/(BxINVENT0RYC»M+\M-4D)   4 
1:223     B4-INVENT0RYf-0 

C233     HOLD<-<3rL»4)f((*<4»L>^HCin)rC13»»(4fL)pHC2r3)fi:i3 
»i(4rL)pHC3n 

1:243    ->0 
L"253 L5JREADFILE XC13 .6rXi:23 ,XC33 
C263  A<-0 10 10 1/EROT 
C273  B<-(((l,LriSi-4)pAC13),[:i3<l,L.ia-4)pAC23)ri:i3<l.LrM- 

4)pAi:33 

1:1 3 
1:23 
1:33 
i;4 3 
1:53 
i:63 
1:73 
i:83 
L-93 

1:103 

1:113 
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\:.281     H4-+/(BxINVENTORYC»M+\M-43>-f4 
1:293     B<-INMENTORY*-0 
L30.1     H0LD<-(3rLr4)p((i!ij(4rL)pH[:in).ClD>!i((4rL)*>HC2n)ri:iJ 

'si(4rL)pHC3n 
11313      ->0 
11323   L6JREADFILE   XCl 3 .6»Xr:23 »Xi:33 
1:333     Alfl   0   1   0   1   0/EROT 
1:343     A2<-0   10   10   1/EROT 
1:353     B<-(((l,L.ia--4)PAlL13 + A2C13)fC13(lrL.M-4)pAlC23+A2C 

23)ri:i3(lrLrti-4)pAlC33+A2C33 
i:363      Jf-1 
1:373   L.OOP}INyENrORYCJrM+lM-43<-INVENTORYi:Jrr4+\M--43xl- 

BZJiiJi 
[:383      J<-J+l 
1:393      -><J:=;3)/L.00F' 
1:403      B<-0 
i:413     HOLIK-INVENTORY 
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f START j 

DETERMINE INVENTORY 
AFTER ATTRITION 

■'%, 

HOLD IS 
SURVIVING 
INVENTORY 

HOLD IS THE 
ARRAY OF NORMAL 

ROTATORS 

READ LATE 
ROTATION 

DETERMINE 
TOTALS IN PROS 

1 THROUGH 4 

MULTIPLY TOTALS 
BY LATE ROTATION 
VECTORS TO FORM 

ARRAY OF LATE 
ROTATORS CALLED HOLD 

HOLD IS EARLY 
ROTATING ARRAY 

CORRESPONDING TO 
ROTATION TYPES: 
SEA^SHORE 
SHORE-* SEA 
NEUTRAL-♦SEA 

HOLD-*- 
SURVIVING INVENTORY 

-HOLD 

c 

HOLD IS EARLY 
ROTATING ARRAY 

CORRESPONDING TO 
ROTATION TYPES: 

SEA ^NEUTRAL 
SHORE-> NEUTRAL 
NEUTRAL-►SHORE 

END 3 
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V ATTR:I:T:IGN XJIJCONTINUATION 
i::;i.;:i      F^EADFILE xi:n.5,xc2:],xc33 
i:: 2 ::i      R E A I;I F 11.. E X I: :i. ::i y :i :i.. x i:: 2 ::i v x 1:3 :i 1 ci !"■ 4 i" 1 "i 
i::3::i      n-i 
1:4 ;:i    I... F' n; N u 1;;: N J 0 R Y I: :I: P ? ::i <•• :i: N u E N r 0 F^; Y I: :r J n X IKI < fei, 1.,, > p 

CDNT:i:NiiAT:i:oNi::rr::i 
i::5::i      a-in 
i::6:;i      ■■K:I:;I;3)/LF-' 

'^   X   CHECK   ZJCOrtfClAJCOPJClP 
in        aFXBC30+ZC133'M0D' 
i:2J        X   CHEiCKK   ZC2:] 
C33        DEX'CHECKK' 

9 

V X CHECKK Til 
LIJ -»<X-1)/SEC 
1:23 -K(T<0)vTiI)/ERRl 
L"3a COA+BClfi:]-FILES ■ 
1:4.1 COP*l3[:2fIJ'FILE3' 
E53 •»<(pC0P)<Tfl)/ERR2 
C:6.1 ->((PC0A)=0)/DEF1 
E73 If-l 
con  L00PJ->((T;sI)ACOALI3v*O)/ERR3 
i:9D   K-I + l 
1:103  -»(I<(T+1)LPC0A)/L00P 
1:113 DEFIJCHM 
E123  ->0 
1:13;] ERRIJ'T MUST BE IN THE INTERVAL OiiTc'JI 
1:143 ->riEF2 
1:153 ERR2J 'INVENTORY HAS NOT BEEN COMPUTED FOR PERIOD 

5T 
tl63  -»DEF2 
i:i7D ERR3:'DATA AFFECTING THIS COMPUTATION HAS BEEN 

ALTERED?' 
i:i83  'A VALID COMPUTATION REQUIRES 0:-;T:i ' J I~l 
1:193 DEF2}CH<-0 
1:203 -»0 
L-213 SEC{((T+l)pO>aCl+I3'FILE3' 
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V   X   CHFICKK  T>I 
112 ->(X=1)/SEC 
C23 "K(T<0)vT;i:I)/ERRl 
r-33 ClA<-|][:3f2xI3'FILE3' 
1:43 ClP'(-i3[:4f2x13-FILES • 
115] ->(<PC1P>=:T+1)/ERR2 
162 -K (pClA)=0>/riEFl 
[:73 K-1 
i:83     L00PJ-K(T,>I)AC1ACI3*0)/ERR3 

C^T I^Ifl "     
i:i03 •■»(iaT+l)LpClA)/LOOP 

i;ii: DEFi:cH<-i 
i;i2D    -»o 
[:i33 ERRI:'T MUST c-iE IN THE INTERVAL o<,j<'ii 
ZlAl      •+E1EF2 
1:153   ERR2J'INVENTORY   HAS   NOT   BEEN   COMPUTED   FOR   PERIOD 

fT 
11163      -»DEF2 
11173   ERR3:'DATA   AFFECTING   THIS   COMPUTATION   HAS   BEEN 

ALTERED?' 
[:183      -A   VALID   COMPUTATION   REQUIRES   OiTii'JI-l 
C193   DEF2:CH<-0 
IZ203     ->0 'V 
i;213   SEC:((T+l)pO)ai:3+2xI3*FILE3' 

V X   CHECKK   T;I 

i:i3 -><X='1)/SEC 
1:23 ->((T<l)vT>I)/ERRl 
1:33 C0A<-H[:i+I3-FILES' 
C43 COPf-l3C2+I3'FILE3' 
L-53 ->((PC0A)=:T)/ERR2 

1:63 -><(PC0P)=^0)/DEF1 ,       ,       1 
1:73        I<-1 
1:8 3     L00P:-K(T>I)AC0PCI3*0)/ERR3 

1:93       I<-I + l 
1:103  -♦(I::TLPCOP)/LOOP 
1:113  ->(C0ACT3 = 1)/ERR4 

1:123 DEFi:CH+-l 
i:i33  ->o 
1:143 ERRIJ'T MUST BE IN THE INTERVAL 0::T:i'?I 
1:153  ->DEF2 
ri63 ERR2}-ADJUSTED PROBABILITIES HAVE NOT BEEN 

COMPUTED FOR PERIOD '?T-1 
C173  -»DEF2 
i:i83 ERR3J'DATA AFFECTING THIS COMPUTATION HAS BEEN 

ALTERED?• 
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i::l93 'A VALID COMPUTATION REQUIRES 0-;T:i:'5I 
L203 ->DEF2 
1:213 ERR4: 'ADJUSTED PROBABILITIES ARE NOT VALID FOR 

PERIOD 'JT-l 
1:223 DEF-2:CH<-0 
[:23:i ->0 
1:243 SEC?((T + i)pO)l3ii:2+I3'FILE3' 

V 

X CHECKK T»I 
->(X^1)/SEC 
->((T<l)vT>X)/ERRl 
ClA+il3i:3+2xl3'FILE3■ 
ClP•(-l3[:4+2xX3 •FILE3' 
-*(<PC1A)<T)/ERR2 

-K(PC1P)==0)/DEF1 

K-l 
LOOPJ-K <T::I)-^ClPri3»'0>/ERR3 

K-I + l 
••>(I<TLPC1P)/L00P 

•■>(C1AI:T3-1)/ERR4 

DEFIJCHM 
••>0 

ERRIJ'T MUST BE IN THE INTERVAL 0-=:T::;'TI 

->DEF2 
ERR2J'ADJUSTED PROBABILITIES HAVE NOT BEEN 
COMPUTED FOR PERIOD 'fT-1 
"»DEF2 
ERR3{'DATA AFFECTING THIS COMPUTATION HAS BEEN 
ALTERED?' 
'A VALID COMPUTATION REQUIRES OiTi'yl 
->DEF2 

ERR4J'ADJUSTED PROBABILITIES NOT VALID FOR PERIOD 
' rT-1 

DEF2;CH<-0 
"VO' 
SEC;((T + l)pO)ai:4+2xI3'FILE3' 

V 

[:i3 
1:23 
1:33 
C43 
CS3 
161 
Z71 
LQl 
1:93 
1:103 
1:113 
1:123 
C133 
1:143 
i:i53 
i:i63 

1:173 
i:i83 

1:193 
1:203 
1:213 

1:223 
c:233 
1:243 
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V   FF"FJI?EfELIQ»NORMPROH>PROBJPROBPROMfW 
LIJ F^EADFILE   0Plr3»KfT 
1:2a REIADFILE   OFltArKfJ 
1:33 PF^OB<-PROBPROMLELIG 
1:43 NORMPROM<-E<-0 
1:53 I<"1 
i:63 LP:NORMPROM<-NORMPROMf+/PROEiCI»3x+/i:23INVENTORYi:ir ? 

t71 E<-E++/ELIGi:inx+/[:23INyENT0RYi:if n 
C83 K-I + l 
C93 •4(Ii;3)/LP 
ClOa -)(NORMPROM>AVAILSLOTS)/LL 
Llll -><E=NORMPROM)/LLL 
i::l23 W<-lL<AyAIL.SLOTS-NORMPROM)rE-NORMPROM 
C13a ADJPROBPROM<-(<l"-W)xpROEi)+WxELIG 
LlAl -JO 
1:153 LL:ADJPROBPROM<-(AyAIL.SLOTS-^NORMPROM)xpROB 
i:i63 "^O 
1:173 LLL:ADJPROBPROM<~PROB 

'9   X FILEALT T 
[:iD   0FXBC35]'H0D 
C23   X FILEALTT T 
1:33   DEX'FILEALTT 
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V X FILEALTT TfCOA>COP»ClAfCIP 
i::i3 ->(2»+/X»0 0>/Ll 
[:23 -»(2=+/X=0 1>/L2 
1:3: -><2-==+/X=l 0)/L3 
1:4: -K2==+/X~l 1)/L4 
1:5.1     Li:C0A<-IBCl+I3'FILE3' 
i:63 ->(Tif>COA)/0 
1:73 COACT + nM 
ZBl C0Afili:i + X:]'FILE3' 
1:93      ->0 
1:103 L2:C0F><-IEIi:2fX3'FILE3' 
1:113     ••»(TipCOP)/0 
1:123     C0PCT+13<-1 
1:133     C0Pai:2+I3'FILE3' 
1:143     "JO 
C153   L3:ClA<-iai:3+2x.I3'FILE3' 
i:i63      -XTihPClA)/© 
1:173      ClACT+13tl 
C183     ClAai:3+2xI3'FILE3' 
1:193     "JO 
1:203   L45ClP<li3C4+2xI3-FILES- 
1:213     -»(TipClP)/0 
1:223     ClPCTfl3<-l 
1:233      ClPHC:4+2xI3'FILE3' 

V 

V   Z   GROUP   X 
[:i3        nFXBi:73'M0D 
1:23        Z   GROUPP   X 
i:;3 3 DEX'GROUPP- 
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V Z GROUPP X>A»ADJPROBPROM»B»C>H0Lri;H0LD4i;H0LD42; 
H0L.D51 ;H0LD52> IIPROMSUM 

i::i3     c;<-o 
1:23 I<-OP5L(2xXC33)""i3 
C33 L00PlI"><X[:2] = l»2»9,10f ll»12»14rl5)/LlrL2fL9rL10> 

Lll»L12fL.:L4»L15 
C43 LltREADFILE   Xtl] f 1 r I r X[:43 
1:5] C<-C+BILTS 
1:6 3 ■>LL 
1:73 L2:READFILE   Xi:iDr2f IrXC43 
1:83 C<-CfPGLIM 

CIO] L9;READFILE XC13^9rI»XC43 
CUD C<"CfACC;ESSIONS 
C12D ACCESSIONS<-0 
C:L33 ->LL 
C143 L10:-KI = 1)/LL10 
C15D 1   ALTER   XCID»<I-l)fXC43 
C163 READFILE   XCl]»lOr(I-l)rXC4a 
C17 D C<-HOLrix (3rL»ld)p(('S((ti.L)p AIUPROBPROMC1 n ) f C1 ^isi < a r 

L)pADJPR0BPR0MC2rD)f ClDisiCMrDpADJPROBPROMCSf D 
Cie: ADJPROBPROM<-HOLD<-0 
Cl93 ->LLL 
C20: LL10:C<"<3>L»iSi)fO 
C213      ->LLL 
C22D LllJREADFILE XC13»11»I»XC4: 
C233  CtC+INUENTORY 
C243  INVENTORY*-© 
C253  -»L.L 
C26: L12JREADFIL.E XC 1 3 r 12» I r XC43 
C27:  SUMMARYC13<-XC33 
C283  -)(I=0P5C(2xXC33)-13)/KK 
C29 3  SUMMARYClr43<-0 0 
C30a KKJC+-C+SUMMARY 
C313  -^LL 
C323 L14:i ALTER XC13fIrXC43 
C33D  C<"C + HOLD 
C34D  HOLD<-0 
C353  -»LL 
C363 L15JPREPINV XCiafIrXC4] 
C373  -><0P3*1)/AA 
C38:  INyENT0RYCrrl»2r3r43<-INVENT0RYC»rl»2»3r43+((3»L» 

4)p(^ H0LD41)\H0LD42) + <3»Lf4>p(r HOLDS1)\H0LD52 
r.393 AA:C4-C+INVENTORY 
C403  H0LD41<-H0LD42<-H0Ln5l4-H0LD52<-INVENT0RY<-0 
C413 LLJK-I + 1 
C423  -»(I=;0P5C2xXC33:)/L00Pl 
C433   LLLJ-»(XC2: = lr2»12)/aQ 
C443      B<-<3r ( (pZ)-2)»ti>pO 
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tA51 l+-i 
i:46:i L00P2JBi:Tin*-+/C23CCMZC<2xI)-13-l) + llfZi:2xI3-ZC( 

2xl)-13n 
1:47:1 K-I + 1 
i:483 ->(I:i;(pZ)-^-2)/L00P2 
1:493 QQJ->(Xi:23 = lr2r9fl0»llfl2rl4fl5)/aifQ2»Q9»Q10rQllr 

Q12fQ14rtU5 
i:50D QI:BILTS<-C 
1:51] -»o 
1:52a Q2:PGLIM<-C 
t:533 ->0 
1:543 Q9JACCESSI0NS<-B 
1:553 ->o 
i:563 Q10JPR0M0TI0NS<-B 
[.■573 ->0 
i:583 «li:iNVENTORY<-B 
C593 ">0 
L"603 Q12}SUHMARY<-C 
r:6i3 -»o 
1:623 Q14JINtv»ENT0RY<-B 
[:633 -♦0 
i:64 3 Q15JIN<v'ENT0RY<-B 

V  HEADER   I 
i::i3 aFXBC24+I3'M0D' 
L23 FNCJHEADERR 
1:33 -><BR==^0)/FNC 
1:43 DEX'HEADERR' 

V 
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i;:i:i  a<-'DATA TYPE: ' 
L?l        AM7 26f>'BILLETS PAYGRADE 

LIMITS PROMOTION PROBABILITIES 
FLIOIBLE PROBABILITIES    CONTINUATION 

FARL.Y ROTATION NORMAL ROTATION 
1 ATE ROTATION ACCESSIONS 

ABJUSTED PROBABILITIES    INVENTORY 

i::3::i 
1:4:1 

1:71 

SUMMARY 
SURVIVING INVENTORY 

PREPARED INVENTORY        ^C 
■■> 

BT<"1 

PROMOTIONS 

LOOP:-xi'^: :i/Ai:DTn=By (26- f>B)p 
DTMiTM 
••KDT:i;17)/L00P 

END: BR<- <(15p3)y2yly0) CDTD 

)/END 

SHORE     MEUTRAL-»C 
-9   HEADERRJB 

1:13        A<-5   7P'SEA 
1:23        i3<-'DUTY   TYPE:    • 
C3:     B<-ii+n 
C43        DU*-1 
LSD L00P:-»(7=+/Ai:DUn=B»(7-pB)p 
C63        DU<-DU+1 
£71        -><DUi5)/L00P 
LQl END:BR<-(<3p3)f2fl»0)CDU3 

)/ENn 

'V   HEMDERRJBJF^VA 

1:;!. :i BRf-3 
1:2:1      a-i- 'RQTfVrnjN TYPES ' 
1:3:i   A^■• e ;l.6(> ' S1::A T0 Sl-l0R1::    SEA J0 NEUTRAL..  SH01-^E.   T0 

SEA    SHORE TO NEUTRALNEUTRAL TO SEA  NEUTRAL 
TO SHORE-H: ■■> 

1:4:1   R^By <;l.6-pB^-14 + l!l)f> ' ' 
1:5:1   RT'!--:!. 
i:6::i L00p:-K;i.6^^^>f/R^^^^Ai:RT?:])/END 
1:7:1   H>(8:i;RT<-RTf;i.)/L00P 
i:c:i  END:BR<-( (6f>3) »2ylyO)!:RT3 
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tm -»o 
i:i23 ERROR:'EACH 

■ 1-2 OTIS; 

1:133 BR<-0 
i::i4;.i ••»o 
1:153 ENDJBR<-1 

ENTRY MUST LIE IN THE INTERVAL 0 

V   HEADERRfBfl 
t:i3 BR<-3 
1:23 -><0»*2 IPOP5)/ERROR 1 
1:33 -K(p0P5)>2xis;)/ERR0Rl 
1:43 H-1 
1:53 LOOPl i-><0P5CI +1 3:=li;)/ERRORl 
i:63 -> (OPSC13 :=• OPSCI +13 >/ERRORl 
1:73 IM + 1 
i:83 -K I :i;( POPS )-l)/LOOPl 
i::93 CK-' PAYGRADE   GROUPS: ' 
1:103 B<-16^l!l 
1:113 •>((B-'->' )A(pB) = l)/ENri 
1:123 PG+-r»B 
1:133 n-i                                                    •: 
1:143 LOOP:-> (PGC 13 X POPS) •^■2)/ERR0R2 
1:153 -><PGi:i3=:0)/ERR0R2 
i:i63 H-I + 1 
1:173 •■>(Ii;pPG)/LOOP 
1:183 ">0 
1:193 ERR0R2I'EACH   ENTRY   MUST   LIE   IN   THE   INTERVAL   0 

:•;■ »2   0T(p0P5)-f2 
1:203 BR^-0 
1:213 •■»o                                                                  • 
C223 ERRORl:-PAYGRABE   GROUPS   NOT   DEFINEBrCHECK   OPS' 
1:233 BR<-1 
1:243 -»0 
1:253 END:BR*'1 
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V? HE-ADERR;I»B 
C::L3   BR4-3 
r.23  CK-'TIME PERIODS: ' 
L'Sl        B<-13*a 
LAI -»( (B::::'-*' )A(PB)=^1)/END 
i::53   TM<-»tB 
i;:63  i<-i 
rn    LOOP:->(TMI:I3>I)/ERROR 
L-.83   ->(TM[:I3=:0)/ERR0R 
i: 9 3  I <-1+1 
i:i03  -»(I::f»TH)/L.OOP 

i:i23 ERROR: -EACH ENTRY MUST LIE IN THE INTERVAL 0 i   X 
' r2 Ofl 

i:i33  BR<-0 
i:i43  "^O 
C153 END:BR<-I 

V HEADERR»B 
Ci:   BRf-3 
C23   □<-'TOTALS OR ARRAY? 
L32        B<-17in 
1:43   ->(B='->')/END 
1153   -»<6==+/■ TOTALS • eB)/Ql 
161        -*(5^=+/' ARRAY ■ eB>/Q2 
1:73   ' INCORRECT ENTRY' 
C83   BR<-0 

CIO.! QI:H<-O 
1:113 -»o 
C123 Q2:H<-I 
C133  ->0 
i;i43 END:BR<-I 
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V  PREPINV   X?ADJPR0BPR0MJB>C>H0LD>H0LD2i;H0LD22f 
H0LD31?H0LD32m0LD61»H0LDA2»JfM 

i::23     LOOPl S->( Je ( (l-0P2)xl-0P3) f (2X0P2) ^ (2X0P3) r (3xOP2) r 
(4x0P3)>(5x0P3)»6x0P3)/Ql 

\:.:n     Hi2 "" 
1:43   Qi:->(X[;2a>i)/AA 

1:7:]  AAJJ ALTER XCil J , (X[:23-l) > XC33 
LBl        READFILE XCl^ r 10» (Xt:23-1) »XC33 
L':93     M<-(PHOLD) t:3a 
C 10;] C<-HOLD x<3,L^M)p<(i!i((M»L)*> ADJPROBPROMC m)»C13iSi(M» 

L)pADJPR0BPR0Mi:2n)»ClJiS!(M»L)pADJPR0BPR0M[:3n 
i:H.l     HOL.lM-0 
1:12:1   BBJJ   ALTER   X 
1:133      READFILE   XCl^ f lOr XC23 » XC33 
1:143     M<-(PH0LD)C3D 

1:15 3 B+-HOLD x(3»LfM)p(('S(<M>L)p AD JPROBPROM t m)fC13iS((Mr 
L)pADJPR0BPR0Mi:2f 3) » C 1 Disi< Mf U) pADJPR0BPR0MC3f 3 

L163      H0LD<-C+H0LD-B 

1:173     -»<J=ly2»3y4^5y6)/Ll»L: 
C183 LI:HOLDII<-O*HOLD 

i:i93 H0LD12<-( »HOLDll)/>-HOLD 
1:203 -»Q2 
L213 L2:H0LD21<-0*H0LD 

1:223 H0LD22<-(rH0LD21)/»H0LL1 
1:233 "»Q2 
1:243 L3JH0LD31<-0^H0LD 
1:253 H0LD32<-( f H0LD31 )/rHOLD 
C263 ->a2 
1:273 L4JH0LD41<"0*H0LD 
r: 283 H0LD42<- ( t H0LD41) / r HOLD 
C293 ->Q2 
C303 L5}H0LD51<-0*H0LD 
1:313 H0LD52<-(rH0LD51)/fH0LD 
1:323 ->Q2 
1:333 L6:H0LD61+-0vftH0LD 
C34 3 H0LD62<-(rH0LD61)/»H0LD 
i:353 Q2JB<-C4-H0LD<-0 
i:363 J*-J+l 
C373 -KJ:i6)/L00Pl 
i:383 -»(2=+/(0P2»0P3)=-0?0)/Q3 
C 393 -»(2==+/ (0P2 f 0P3 > ==1»0) /Q4 
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i::40:i  ->(2=^i/(0P2»0P3)«l»l)/Q5 
i:;4J.:i  INVENTORY^-OfLrM)^ (»H0LD61>\H0LD62 
i::42:i    ->«6 
ZA31   Q3:]:NVE:NT0RY<-(:jfLfi;!i>p( »H0LD11)\H0LD12 
i::44:i ■•>Q6 
i;: 45 :i Q4 S INVENTOR Y<- ( < 3 » L » M ) P < » HOLDSI > \H0LD32 ) + <3rL»tt)p<» 

H0LD21)\H0L.D22 
i::46:i ->06 
1:47 :i QS : INMENTORY<" ( ( 3 , L»14) P ( r H0LD21) \H0LD22 ) + ((3rLrti)p( 

, H0L.i:i31 ) \H0LD32 )i:?51f2r3r43r((3rL»a>p<» H0LD61) \ 
H0LD62)L?54+\M-"43 

i::48:i Q6;-KXC2J-I)/Q7 
1:49:1 1 ALTER x[:i3r(X[:2:i--i)»xi:3:i 
1:50:1  READFILE 0Pl»10r(XC2a-l).XC3:i 
1:51 :i      PROMSUM<--f/• +/+/HOLD x<3rLrtt)p(('S((fcSyL) p AD JPROBPROMC 

:l. r 3 ) y L1 DiSf < id»L) p AD JPR0BPR0MC2 J 3)yC13>!i((ll4^L)p 
ADJPR01E!PR0MC3?:] 

1:52:]    ->0 
1:531 Q7:PROMSUM<-O 
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f START ) 

DO FOR EACH NON-ZERO 
JIN THE SET 

(1-OP2)-(1-OP3l,2-OP2, 
3-OP2, 4-OP3, 5-OP3, 6'0P3 

J ALTER 

COMPUTE HOLD 

RETURN 

/ READ ADJUSTED PROBABILITIES 
'FOR PAYGRADE AND (PAYGRADE)-I/ 

PROMOTE INTO AND 
OUT OF HOLD 

DECOMPOSE HOLD INTO 
A(0,1) ARRAY HOLDJ1 

AND A VECTOR OF NON- 
ZERO ELEMENTS H0LDJ2 

END LOOP 

DEFINE INVENTORY 
TO BE NORMALLY 
ROTATING ARRAY 
+ LATE ROTATING 

ARRAY 

PROMSUM IS 
TOTAL PROMOTIONS 
OUT OF PAYGRADE 

( END J 

B-52 



V I PRINN X 
i::i] DFXIHL::I:CI33'MOD' 
1:23 i[:2.iPfu:N X 
1:3] DEX'PRIN' 

fLI2?A2JI8'T(iSiTM? ' 'fX) 
4 1 p ' ' 

■V   I PRIN X 

fA5?I8'f<' '?PG) 

>fLI2ifi^2fF&,A'f<is^\Lf'    • rX) 
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APPENDIX C 

PARAMETERS 

Fixed parameters. These parameters define the size of the data 
structures in the file system. For a detailing community, they 
remain fixed throughout the analysis. 

This is the maximum number of years to which the initial 
inventory will be projected. 

M 

This is the maximum tour length in quarters. 

L 

This is the number of length of service categories. 

I 
This is the number of paygrades. 

Variable parameters.  These parameters can be modified by the user 
at any time; they control the operation of specific ROTATIONMOD 
functions. 

Opl(=0 or 1) 

All ROTATIONMOD functions will access the (Opl)-compartment 
of the data files. 

Op2(=0 or 1) 

Late rotation data is included in projecting the inventory if 
and only if Op2 = 1. 

Op3{=0 or 1) 

Early rotation data is included in projecting the inventory 
if and only if Op3 =1. ' 

Op4 

This 2-component vector is used to project beyond the normal 
limit of T periods.  If Op4[l] = 0, there is no effect.  However, 
when Op4[T] = 1 and Op4[2] = T, then input data loqated in the 
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period T-1 space will be used to project the inventory stored at 
period T.  The result is stored in the period T space, destroying 
all previous contents.  Op4 must satisfy: 

• Op4 [1] = 0 or 1 
• 0 < Op4[2] < T 

Op5 

This vector aggregates paygrades.  The m-th paygrade group 
defined by Op5 is the aggregate of all paygrades k, where 
Op5[2m-l] _< k £ Op5[2m] .  Op5 must satisfy: 

• Op5 has an even number of components 
• All components are between 1 and K inclusive 
• The number of components is between 2 and 2K 
inclusive 

Op6 

This vector aggregates length of service (LOS) categories. 
The m-th LOS group defined by Op6 is the aggregate of all LOS 
categories I,   where Op6[2m-l] <_ ^ <. Op6[2m] .  Op6 must satisfy: 

• Op6 has an even number of components 
• All components are between 1 and L inclusive 
• The number of components is between 2 and 2L 
inclusive 

Check parameters.  These parameters are automatically determined by 
the operation of ROTATIONMOD functions.  Their purpose is to check 
the consistency of input/output data. 

COA 

The number of components in this binary vector is the number 
of periods for which adjusted promotion probabilities have been 
computed in the 0-compartment.  A 1 appears in the i-th component 
if, subsequent to the computation; data affecting period i-1 has 
been altered. 

COP 

The number of components in this binary vector is the number 
of periods to which the initial inventory has been projected in the 
0-compartment.  A 1 appears in the i-th component if, subsequent to 
the projection, data affecting period i has been altered. 
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CIA 

The number of components in this binary vector is the number 
of periods for which adjusted promotion probabilities have been 
computed in the 1-compartment.  A 1 appears in the i-th component 
if, subsequent to the computation, data affecting period i-1 has 
been altered. 

CIP 

The number of components in this binary vector is the number 
of periods to which the initial inventory has been projected in the 
1-compartment.  A 1 appears in the i-th component if, subsequent to 
the projection, data affecting period i has been altered. 
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